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PREFACE TO fTHE FIFTH 
EDITION 


1 Hg lourtn edition of this treatise appeared in the year 1909. 
A new issue being called for, the text of the last edition was 
thoroughly revised, and the vast amount of fresh matter 
accumulated in the interval was duly added in the proper places. 
How important these additions have been, is illustrated by the 
fact that the number of pages, which amounted to 1178 in»the 
fourth editian, has had to be increased to 1718, although very 
many of tl^ recent communications and patents have been 
simply quoted, but not *xtracted. The enormous development 
of the new*processes for the ^manufacture of ammonia and its 
salts is"lhe most important factor for this increase. 

I may be excused for expressing, my hopfi that the fifth • 
edition will meet with the same favourable receptipn as 
its predecessors, and prove equally useful to'^all those who 
are interested in the, industries of Loal-T^r ^n^ Ammonia. 

/t/H?NGE. 


rCR^H, MST IViarcn laio- 
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PART I 


COAL-TAR 




chapter' V 

t 

TUK FIRST DISTILLATION OF CaVL-,T^R 


Historical Notes. 

It has been mentioned more than once in the preceding 
chapters that the utilization of tar by distillatio’n is a compara¬ 
tively new industry; but it had long been knmvii that useful 
products could be obtained by that operation, /in this respect 
a patent awarded to Henry Hasjrihs, 7th 
a century before the first introduction 
remarkable that we quote it verbatim, as 

“ New method of extracting a spirit or oil out of tar, and by 
the same process produce the finest of pitch. 

" First, take ^ny quantity of tar you^please, so as not to 
more thai? half fill your still, which must be thoroughly cleaned 
from all manner of impurities, and niorer- particularly from 
water; for if any quantity of that should be left in it, it will 
be found to be exceeciingly troublesome and considerably 
hinder the operation. ^ • 

' '* The tar 'nay be cleknsed either by boiling or straining, 
or by settling in tubs, or any other convenient vessel; then 
commit it to i!' doubl^-ij.ecked' pelican-beaded still, m'ade„either 
of glass, iron, or copper, wkh capacious receivers, and well 
luted, under whscji raise a fite of tHe first,dejgree for six, hours, 
by which time tHe particles will 'bp thoroughly comminuted ; 
then raise ybur fir^ to. ftie. second degree^ for as many hours 
more, and theil to the third degree for three hours more, in 
which time you will find first a pale Jioid'phlegm to come off 
into the receiver, .which rhust be shanged, when a fetid volatile 
oil or s_piril rises ; lastly willrcome over & Vlaok' glutinous oil, 
whicH keep f<jr use, ' ^ 

" If you would have a more volatile or light oil, which may . 
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be more proper for many uses in physic, it may be done by 
many repeated rectifications to what degree you cRoose. 

“ Lastly, the caput mortuum, which is whgt remains in the 
still after the distillation is fyished, will be feund the finest and 
best of pitch, which I am well assured of, not; only from my 
own judgment, but by tlfe experience and testimony of many 
who have used»it.” 

It is quite possible that in this patent wood-tar is meant, 
which at thatAime was mifch better known than coal-tar; but 
the principles bf the distillation of the latter appear quite 
clearly in that old patent. 

We have seen (on p. 19) that Accum, in 1815, was the first 
to boil down co,al-tar in closed vessels (stills), and thus to 
obtain a volatile oil which could be employed as a gheap 
substitute for »irits cff turpentine. 

•Accordiflg tS Dr Longstaffe (Proc Soc. Chem. Ind., 1881, p. 
13), the ffst coaj-tar i 3 istillery»was erected by himself and Dr 
Dalston, near jLei?k, in 1822; the spirits went to Mr Mackintosh 
for waterproofing, aii<J the residue was consumed for the purpose 
of making lampblack. 

Roscoe^ mentions that, about the year 1834, at the time 
when Mitscherlich had converted benzene (frqjn benzoic acid) 
into nitrobenzene, the distillation of*coal-tar was carried out on 
a large scale in the'^ieig‘hbou;bood of Manchester ; the naphtha 
obtained was employed for the purpose of dilsolving the 
residual pitch, and thus getting black ararnish. Attempts were 
made to supplant the naphtha obtained from wood-tar, which 
at that time was much used in the *hat factories &t Corton, 
near Manchestcs', for tl;e preparation.of “ lacquer,” by coal-tar 
naphtha. *The substitute, however, did,not aiftwer, as the 
Impure Jiftphtha left on evaporation so unpleasant a smell 
that the workmen^ refused to employ it. It fn.s also know^, 
about thh year, 1838, that* wood-naphtha contained oxygen, 
whilst that from coal-tar»did not; an(Uience Mf John Dale 
attempted to convert the latter ihto the formA, or into^some 
similar substance. Wl!e« |tying, for Ms purpose, a mixture 
of sulphuric acid jnd potassihm nitrate, he obtained aii(^uid 
possessing th^ smefl of bitter-almond^ oil, the pA)p^ties of 
which he djd not further investigate. This was* ^owever,'done 
> Dfscourse at the Royal Institution, i6th'April 1886, p. 4. 
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in 1842 by Mr John Leigh, who exhibited 
considerable quantities of benzene, nitro¬ 
benzene, and dinitrobenzene to the Chemi- 
' cal Section 'of the British Association 
meeting that year in Manchester. His 
communication is, however, so printed in 
the Report' tliat it is not' possible, from 
the description, to identify the bodies in 
question ; and hence Lpigh’s merits in that 
respect were completely overlooked until 
quite recently. 

The further steps in distilling coal-tar 
and utilizing the products therefrom, made 
by Bethell, Bronner, and Mansfield, have 
already been noticed {^^'20 et seq. and 
pp.,225 etseq.), and from'^ thal^iipe dates 
^ (the establfshment ef-t?.r - distilling on a 
^ really large scale. ^ 

£ ^ 

Carriage and Storage of Coal-tar. 

Various descriptions of vessels are used 
for carrying the tar from the gas-works to 
the distilleries, according to the circum¬ 
stances of tke case. In England water- 
carriage is preferred whenever it is practi* 
cable, the canal-boats being constructed as 
floating ttanSs, with ^ cabin for the crew, 
which serves also as an air-space for 
aug^nenting the .carrying - po'^er. Such 
t boats (Figs. 70'and 71), hold up' to 250 
tons of* tar. , On the Continent this is 
rarely possit>le; there rthe tar is'usually 
, cas'ied by railway, in cylindrical or angular ' 
> «ir-n tanks fixed'on a' platform .running on 
wheels'(Figs. 7^ and 73) and holding up 
(0 2d;ooo toijf fif'tar. If, these tanks are 
made of pretty strqpg iron, they can be 
£ sfeamei^' out whenever the tar has ,becon>e . 
d too thick, which may happen in winter. 

' In Germany they are frequently provided ^ 
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vith coils of heating-tubes, connected with the steam-heating 
lystem of the railway-train. Angular (box-shapeS) cisterns 
ire more easily got at and cleaned inside f they hold about 



FIG.'72. 


10 to I? tons, a truck with two cylinders about 9 tons of tar. 
It is convenient if thSy are provided at the top with a pretty 
large pan serving in filling the tank, and with a movable crane 
for lifting up the Ml casks and lowering the empties. 



Tar-barges or ^ank-wagoifs ought , to be air-tight, so to 
obviate the escape of^5ffluvia(prirftipall/sulphide oflmipopium) 
during*the.transit. While pumping, the cover stipild only be , 
, opened jurt sufficient for ffie pipe to pass in. 
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Tbs tank-wagons for railroad traffic must, of course, be 
constructed fh the fashion required by the railway companies, 
and provided witl; breaks. 

In Paris (and elsewhere) tar ij carried in iron or wooden 
casks resting pn axles and drawn by horses, or, wherever 
possible, laid on railway-trucks. In ‘Lancashire it is usual to 
employ wooden barrels (preferably tof ash-wood)^ holding from 
250 to 3CX3 gall., resting by means of concave wooden bearers 
upon two-wheeled carts. The middle bearer rest? just over the 
axle; and the barrel can be tipped behind, t\fo<iron adjustments 
attached to the back bearer preventing it from slipping down. 
There is a running-off cock of 2- or 2|-in. bore, and a charging- 
hole 4 or 5 in. squarp and closed by a wooden plug. Long 
barrq's are said to be pulled more easily than those more 
bulged. A barrel costs about {, 1 , the cartj. pertaining to 
it ^ ' 

Rispler {Chem. Zeit., 1910, fi. 549) giyes a detaiSd descrip¬ 
tion of the arrangements for carrying tar an^ ta^-products. In 
countries possessing ample waterways, tljp'carriage of tar on 
these is considerably cheaper than by railway cisterns. In 
England, Belgium, Holland, and France the transportation of 
tar in tank-steamers is allowed, but nothin Germany, in which 
country, therefore, the tar imust be put into boats drawn by a 
steam-boat. The tank-boats hold,up to' 25(rtons, or even more. 
They are Built entirely of iron or steel, with several partition 
walls forming oil-tiglit cwmpartments, and with cabins for the. 
attendants. „ • 

^ro»n the‘tanal-boats‘or railroad-trucks the tar is frequently 
pumped by steam-pumps into iron stfre-tanks, situated high 
enough for itie tar, .after thb water has separated,* to be run 
into the stills by natural fall. In,Paris the draw-off .cocks of 
the cylindrical" iron store-tanks,^which ,re^ on high pillars, 
unite'into a common m^in, which descends tofthe grdUnd, runs 
underneath 'along tlk^wijiole set of tar-stUls, and gives off an 
uprigjit supply-pipe with -.j’lde-valve for each still, by which 
these can be filled as rfequifed.^by n^ean? of hydrostatic pressure^ 
frorn the store-cylinders. Kofting {Steif^ und Braunkokle, 
1909, p^-S) Mescribes a "convenient shape of such highly placed 
store-tanks, for tar and ammoniacaj liquor. 

’ , In other cases the tar, especially when it arrives in casksL 
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is emptied into larger store-cisterns sunk m the ground {vfells), 
and pumped from these either into the above-mentioned high 
tanks or directly into the stills. 

Such underground tar-w|lls (also those, for ammoniacal 
liquor) are frequently of very large dimensions^ up to 6o ft. 
diameter (Watson Smith), iince tar-distillers are generally bound 
by contract to aid the gas-wprjts of their tar and ammoniacal 
liquor, which in the event of stoppages of business, accidents to 
the plant, etc., plight cause •them considerable embarrassment. 
On the other hand, ff there is large storage room, a good stock 
may be collected in winter, when the gas-works are busiest, 
so that even in summer the stills can be regularly employed 
(Watson Smith). 

Underground wells are not often made of iron, this b|ing 
too costly and,s^ject to* corrosion. Usually they are made of 
briij^work sSt in\eement, of a circular shape, secured under¬ 
neath anJPf&und the sidjes by ilt^y pudtfle. First the necessary 
excavation is n^de^ then a good puddle is laid down on the 
bottom, completely levelled, and a double floor of bricks in 
cement laid on, the joints crossing each other. Now the sides 
are raisecf, likewise in double courses and hence 9 in. thick, 
leaving between the brickwork and the soil (if case of need 
kept back by wooden stays) a space* of 8 or 12 in., which is 
filled in with puddled claty. The best method of proceeding is 
to Complete each time a ring of about 4 ft. high, pudflle behind 
it, and continue the walling. It,is Ijest pot to work too fast, so 
that the brickwork may have time J;o settle; cracks once formed 
can hardly ever be repaired (Watson Smith). 

Tanks made by the Monier system j[cement concrete with a 
core of wir#netting) are s#id to be*much^l^eaper aSid quite %.s‘ 
good as hjjjdi tanSs ; they can be placed either below or above 
ground.. 

According to Gas higgling, i909^p. 8o8f tanks made of 
cement concrete, etc.,are’only tight ^ain^t'ordinarv gas-tar, 
but not against water-gas tar. 

T.he tar-wells are tightfy covejj^ .witlr planks, to keep out 
the rain, eta* A? the place where the carts are .tipped there is a 
strainer with mamy and»with sides and bal:k,^so tliat 

'any bits*of wood which might choKe the pumps ire kept back 
(Watson Snrith). Or else all the carts discharge thefr contents 
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into'a large.spout, provided with outlets for each cistern (if 
there are several). 

The tight, covering-in of the tar-cisterns also' avoids any 
nuisance from offensive gases whilst running in the tar. For 
this purpose the air driven out by the tar is made to pass 
through a box containing hydrated oxide of iron, which absorbs 
any hydrogen sulphide escapirg [cf. later on the various. 
plans for dealing with the noxious gases). 

Explosions .—According to the 1 hirty-fifth and Thirty-sixth 
Annual Report of the Chief Inspector of Chemical Factories 
in England, not less than seven explosions of tar reservoirs 
occurred in the year 1885. On pumping the tar out of the 
cisterns, air enters the.se, and with the gases lying above the 
tar, (hydrogen sulphide and light hydrocarbons) forms an 
explosive mixture which may acciden'tally taJne fire and cause 
destruction. According to Kohler, such observations have 
not yet (up to 1912) been reported fi'om German tar-works, 
coke-works, or gas-works. .. 

pumping of the tar into the still’’ was formerly always 
done by ordinary pumps, specially constructed for thick liquids, 
and provided with a strainer at the suction-pipe to prevent 
choking up by chips of wood or the like. It was formerly 
assumed that such a thick liquid could not be raised by com¬ 
pressed air. This is, however, nowadays-'actually done at all- 
the larger German works. Previously warmed-up tar can be 
pumped into the stills by means of air compressed to 28 lb. 
per square inch in half the rime aS with a good ram-pump. 

' Shice' most of the large tar-distilleries nowadays are working - 
^ with application of a vacuum, it has also been attempted to 
charge the‘'evacuated stills’ direct from the tar-pTt by means 
of a rising-pipe. But this 'proced^ure, as shown t^coeperience,, 
causes the chirking of the stills to take more time than when 
usirig a pressure-vessel and the controlling cS the proper fitting 
of the stills is md'-». difficult Hence that system has been 
pretty generally aband^'^'. 

The pumping bf com^hsedgtir 'is effected by placing a 
pressure-vessel.(usually an old ^team-boilej) beside and a littl^ 
below,thd'tar-reservoh-, andxonnecting them (AdV large stills) by 
■ an 8-in. pjpe and valve, Xfiis vessel should hold eithet half or 
the whole contents ‘of a still. It is connected with the still by a 
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S- or 6-in. wide iron pipe, rising to the same height the 
level of the tar in the still when full, with a valve just outside 
the still. This allows of providing for the fr^thing-up of the 
tar, by reconducting the rising tar into the pi^ssure-vessel (see 
below). A removable strainer is placed just b«fore the pipe 
connecting the reservoir with the pressure-vessel. If, in spite of 
this, the valve tfecomes choktci up^ it is easily freed again by 
admitting compressed air from the pressure-vessel into the'tar- 
reservoir. A pressiye-vess^ holding 15 or 20 tons is filled from 
the reservoir in teh or fifteen minutes, and, with air compressed 
to 28 or 35 lb. per square foot, its contents are pumped up 
15 or 16 ft. high in an hour or an hour and a half, more or 
less quickly in coryiection with the fluidity of the tar. 


PiSTILLATION BV STEAM. 

The manufactui^ of«coal-tar products begins by fractionally 
distilling the tar, mostly by a naked fire, but in some places or 
for special purposes l^' means of steam or superheated water. 
This plan^ is now very little used at large works—except in 
Scotland, where it appears to be general. Its advantage is 
only apparent where the tar has merely to b% hydrated and 
deprived of its most volatile constiflients in order to* employ 
the remainder (95 ^er cent), for painting, for impregnating 
stones or roofing-tiles, or /or the manufacture of roonng-felt {cf. 
pp. 353 ct seq.). In such cases much trouble and danger of fire 
is avoided by substitqjing stefRn f»r a naked fire. The steam 
can.be applied indirectly, as “dry steam,” by surrounding the 
■still with a jackSt, or by means of a soil in whijh the steam, 
circulates inside ,the vessel and issues^again to*the outside. 
In the outfSTit is expedient tp fix an apparatus for automatically * 
discharging the coade»sed w^ter, without allying any steam 
to escape,* of which appa^^ftis many mrieti^s are now rnade. 
The still may be of ahnostf any sha^^^pwrfseps the" best is an 
upright cylinder. The escaping aj^urs fire condensed,in-a 
leaden or iron wym and'sepajatyn the receiver into ammonia- 
water and Tight oil,^hich is* mostly sent to the larger tjr- 
distillers for recfification. 

It was formerly more usuw, out is nowaaays naraiysaone in 
'iwcll-condudfed factories, to employ sfeani, directly blown 
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into the stilj, e.g., by means of a coil of pipes lying on the bottom 
and perforated with many holes. According to Ure, such stills 
hold from 800 ttf 1500 gall., and the distillation is carried on 
till the specific gravity of the Qistillate has reached 0-910. 
According to Mills,' the stills hold fijom 500 to 4000 gall., and 
are horizontal cylinders; t‘he steam brings over up to 10 per 
cent, of light naphtha (^p. gr." 0-78 to 0-83) and some 
ammoniacal liquor. The residue ,,is run into cisterns, where 
tar and water separate. The “boiled tav” is now ready for 
the above-mentioned purposes, or can be run while hot into 
other stills for distilling by naked fire, which was formerly 
the usual course followed in Scotland. But this process is not 
advantageous, because' there remains very much water with 
the Var, which can only be separated from it by being allowed 
to settle for some time; hence if a naked ^e is to be used, 
it is best to do so from riie first. ■ 

Sometimes the ‘'boiled tar,® resulting frrm the first distilla¬ 
tion, is not discharged into a tank, but is pumpLd out through 
a pipe from the steam-still into a second still, heated by an 
ordinary fire, so as to avoid any exposure of the hot .tar to the 
air and the evolution of disagreeable funees. 

The condensation of the escaping steam and naphtha-vapour, 
owing to the large quantity of the. forijier, is rather more 
troublesome than when the distillation is effected by “dry” 
steam or by a fire. There is much more cooling needed, t.e., 
longer worms and more” cSolmg-water. The condensing 
mixture of naphtha and watfcr divides at once into these two 
constituents, which can be kept apart by overflow vessels, as will 
<be mentioned hereafter "n describing the rectincatiqp by steam 
of the lightest oils (Chapter XL). ‘ ' * 

The usual yield of naphfha by this plan is 2 to o^per cent 
from ordinary ftr, or 10 to 20 per cenf. from canngl-coal tar. 
The longer, the operati6n is continued, the rfiore, but heavier, 
naphtlia is obt;mnefi."'-Ni. , 

Tfie naphtha obtaineo^s^ steam, distillation is of course 
richer in volatile constituents ,^an that obtained by direct 
distillatioi^^ of tkr. But it is far from tcontayiing only such 
constittfents as boil at and Lelow the temperature, of the. 
blown-i'n stehm (rare.ly above iSO°^C.); a number of fguch higher- 
Destructive £>iiiiikiion,p, 23, 
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boiling substances are carried along, as shown by the following 
analyses':— 



I. 

n. 

III. 

Oils up to 100° C. 

20*9 < 

14.2 

23*3 per cent. 

„ 130" . 

59 

13-2 

£-0 „ 

„ 160° . 

8.7 

49-6 

15-2 » 

„ 202i . . 

i6-< 

i6-6 

23-9 .. 

Oils,boiling above 202' 
(by difference) . 

48-4 

36-4 

29-6 „ 

• 

1 . Naphtha from ftie 

tar of the Hamburg 

Sp. gr. 

gas-works, 0-964 

11- 


Berlin English 

gas-works, 0-947 

in. 

•j 

„ Corporation gas-works, 0-932 


Hence this product is not nearly so waluable as the “ first- 
runnings ” of distillation over a naked fire, and is more sinSilar 
to the “ light; 6il*^of that operation. 

■TCohl^j^ (higcw. Cheitu, 1888, p. 677) has shown by 

practical trials that,the»boiling-<Jver is less( connected with the 
water containali in the tar than with its contents of “free 
carbon.” ^ 

In Sc(jtland,‘^ instead of distilling by steam, sometimes a 
fifth of its bulk of waier is added to the tar and the whole 
distilled by a direct fire. Less but better naphtha than by 
. steam distillation is sai^ to be thus obtained. This’process 
comes to the same thing as •distilling by steam 0/ ordinary 
atmospheric pressure, but does not seem worthy of recommenda¬ 
tion, as the danger of boiling-oySr iS verj^ great. 

Distillation by Fire. 

The •more usi^l way 6f distilling tai^ by a direct fire, has 
for its prffBSry object the .remoilal of the non-volatile or 
too-littl»volatile.co8stiiuents,jyhich*form the goiter portion of 
tar, in the ^hape af pitch, §nti to effect % preliminary fractfona- 
tion of the distillatesfwhiA are then_»p. 4 iid up singly. * It is 
evident that this can he done onlw^ a direct ?ire, since, the 
boilittg-point of tjje most^ilmblejsroilluctlrom tar, anthracene, 
coincides with tjiat cjf gjercury (^^°). 

' Froii»Kerl-Stohmann’s Chemie,£xA 8H., vi., ji. n/i. 

‘ Ronald ajfd- Richardson, Chtmcal Technology, vol. i, p. ^33 ; Mills, 
JfiC. cit., p. 2 j. 
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Operations. Dehydration of the Tar. 

The first condition of a quiet regular distillation is that the 
tar should be freOd as much as possible from the ammoniacaf 
liquor which is always mixed witSi it to a certain extent, and 
the presence of' which is a disturbing plement in the distillation. 
(The estimation of the vfater contained in the tar will be 
described at the close of this chajjter.) So long as water and 
tar-oils boil at the same time, there^is always a tendency of the 
liquid to “ bump,” or even to be jerked over explosively. This 
can be overcome by very cautious, slow firing; but shortening 
this stage of the work is certainly desirable, although if is 
hardfy possible to do without it altogether. Hence previous 
dehydration of the taV is decidedly advisable whenever it can 
be i'one without too much trouble. 

Dehydration of the tar by settling at ordinal^ temperatures .— 
If the tar be sufficiently fluid, mere prolongedr^-'est ^ill 
separate a large portion of the* ammonfacab.water from it; for 
as the water is only mechanically suspended in‘-the tar and is 
of less specific gravity, it will rise to tho» 5 urface, whence it can 
be drawn or ladled off. Preferably very tough tar,, is mixed 
with thinner tar to facilitate the separation of the water. In 
many places ntthing else is done for this purpose but storing 
the tar'in several large'cisterns, holding, if possible, several' 
hundreds fA tons each, which' are best placed at such an 
elevation that the tar can be run from them straight into the 
stills. Whilst one of thfese disterns is being filled by pumping in 
fresh tar,.the, others.are, allowed to rest;, and from that which 
, has stood longest the now somewhat dehydrated tar is drawn off,* 
Jq, this way^the water contents of the tar may be brought down 
to 4 or 5 per cent. In "Germany this is the maxim utjipefcentage 
of water tolerated in the ,tar purchased from the^s-Works 
aifd, coke-workti Any excessr of w'dte^ over the' above-, 
mentioned, limit Asdeducted from the price'to be paid for thp 
tar. At som,e faKuFftfci^a, closed 'stea/n-coil is laid in the 
cisterns, by means* of wpSA the tej can be heated at will, 
in order to make it more^yi( 3 ’ and to separate the ^ater 

small wdHcl’tar. ^d gas-liquor aii 
he tar is drawn off by a tap in the, 
Une placed higher-up, into th^ 

respective stills. 


Accott^ing to Watscp .SmitV, 
allowed‘^0 settle in the same taiik;\ 
bottom, ‘the %mmoniacal liquor by 
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better. In summer there is no occasion for this; but in the 
colder seasons the tar is heated to 20° or ^i°, sometimes up to 
40°. Hardly any perceptible loss of benzijl occurs at this 
temperature, as there is a Ia3»er of water on the top of the tar. 

A more complete separation of tar and ammonia is aimed 
at by the invention of J. and R. Dempster (B. P. 3245, 1882). 
To the openiflg, out of wfcich the liquor or tar passes, a 
suitabfy-shaped box is fixed, having a vertical pipe screwed 
therein, with -> an ^overflow cup on the top, which can be 
raised and lowerrti by means of a screw to suit the height of 
liquor in the vessel, so that it can flow over the edge of the cup 
down the screwed pipe into the box, and out at the outlet. 



Fig. 75. Fic. 76. 


In Germany a <iumber of ^as-yorks employ .Kun^h’s 
separator, as supplied by the Berlin-Anhalt Engineering, 
Company ^er. ?. 1525J) (Figs. 74, 75, 76). Tht.principle.of 
this appara^s is« to sprAd the tjr on T)rt)ad overflow-spouts. 
The tarfSiightly heated by sieans pf the.steanvpipes B B, on* 
running ojer the spou^ A At separates from rfhe water, jThis 
separation is further promoted in the^iesjels I., II., III., IV. 
by the water overflowing near tlje Vp 3 ^ the lateral pipes, 
whilst the tar passes on at^he bott'^rti^in tlia direction indicated 
in hfo. I by Uie arrow, anef istc^jffed on to the top of the next- 
following vessel.^ Tih* outlet of Ae water in vessel I. is situated 
so muct higher. than the spw A in 3 ie vessel I*., that the 
difference in height corresp^ds to the cjifferendfe "in’specific 
gravity between tar and .water. There are 7 sizes of this 

2 B 
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apparatus, fpr separating from looo up to 8000 litres (225 to 
1777 gall.) per twelve hours. 

Similar appai'htus have been described by Ruppert (Ger. P. 
40204); by Krayenbiihl, Petersbn, and Burmeister (B. P. 
15067, of 18^7); by Ottner (Ger.-P. 210590); by Klonne , 
(Ger. P. 196240). ■ ^ , 

At smaller works Schlosser’s ^ar-separator (/. Gasb^leucht., 
1902, p. 923) may do good service. ,-The tar is put into a tank, 
placed on a cylinder with horizontally corrugated sides, and is 
allowed to flow over. In running over the corrugations, the 
separation of the water and tar takes place more easily, and 
both are collected in_a table below. 

A similar principle appears in the procc'ss of the Deutsche 
Continental-Gasgesellschaft Dessan (G^r. P. 191432). The tar 
is conducted downwards in an open spou||, inpJincd at ^an 
angle of 45° against tfie horizon, to a point under^rcath the 
level of the liquid in'a collecting-tank, iif sudi manner that the 
tar, while flowing down in the spout, remains below the water 
flowing on its surface, and ju.st the same ‘also below the surface 
of the ammonia water already contained in the colleeting-tank, 
until it reaches the level of the tar already separated in the 
latter. ^ ^ 

Dehydration of the tar by centrifugalling. —By this method 
the tar cart be very efficiently deprived of water down to i per 
cent., so that, according to Menzel (/. Gasbeleucht., 1902, p. 
467), it becomes immediately fit (or the manufacture of roofing-, 
felt. According to thet/. ^as Lighting., 1908, p. 487, this is 
' done at an expense of 6d. to is. per ton of ta;;, if carried out in 
<llfe following*way, in Jhe apparatus shown in Fig. 77. The tar 
is heated up in a special vessel to 40° to 50° C., &nd iijmn through 
’pipe F into the ^rapidly revolving drum of tKe centrifu|;al. The 
tar, being heavier, goes to the' ,oeripher)^' of the (drum; the. 
water being lightcr,»separates more ^side. "The top part of the 
drunvis, by means‘of stfcjjecided ring, separated into an upper 
and lower compartfnent tjfec tar ^oes to the top through the 
space left between this ring the mantle Bf the centrifugal 
and le|vef, it through-pipf ; the Water rifns off through', 
pipe B., Any' solid impurities X;ick to the drum and are from 
time to time removed. 

- Some gas-works effect the dehydratipn of the tar by thisf 
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process, and obtain a better price for this tar than for raw tar, apart 
from the saving in freight. For large gas-works, which work 
up their own amcnoniacal liquor, that method also allows of a 
more complete recovery of the ammonia. 

The dehydration of water-gas tar by centrifugalling is not 
a matter of course, as the-specific gravity of water-gas tar is 
very near that of water, viz,, from< 0-99 to 1-04', and there are 
such tars of exactly the same specific gravity as watet itself, 
viz., I'OO. J. M. Muller (/. Gasbeleucht., 1912., p. 229) has, 
however, succeeded in dehydrating even sucti tar by centrifugal- 
ling in the following manner. The expansion coefficient of 
water-gas tar by changes of temperature differs pretty strongly 
from that of water; if ‘such tar of sp. gr. voo is made from 
15° (to 20° warmer or cooler than the water, the difference 
between their specific gravities is sufficient fw allowing their 
separation in the centrifugal. In his experirilentS th^ tar was 
heated up to 70° pr 80° by means ,of exhaust steam, and 
put into a centrifugal making 2400 revofutiqns per minute, 
whereby a complete separation was effected into clear water, 
dehydrated tar of excellent quality, and solid residue, the latter 
adhering as a consistent mass to thg inside of tlie drum. 
In a special instance there was obtained 17 per cent, of 
water, dearly 91 per c6nt anhydrous tar, and 2-6 solid 
residue. 9y this process about 2 tons of tar can be dehydrated 
per diem. 

Dehydration of the tar ty heat. —As a matter of course, the 
separatiqu of water and tar tgoei' on all ,the more rapidly and 
cofnpletely tfie thinner and less viscous the tar is, and this is 
jTi£)st thoroyghly effected by moderately heating it, which to a 
certain extent also- Splits off the chemically^ combined water. 
•^This can be ^one to a certain e;ttent even in an\>pen tank, 
or vqssel, as .metitioned above, buf it is effected more thoroughly 
at a higher^tempqrajturt and in sublv manner <that tlTe escaping' 
vapours are cqndeitsed to a^ mixturd (easily separating) of light 
oils‘and ammonia, yfater. For t^jis purpose the following! 
apparatus have been constructect 
‘ Accor(Jing tb Girard and &laire,^ thft dehydration of tar is 
effected b^ heating to*from fei'Vo 90' in large.toflers, ty mean? 
of a stearrt-foil or jacket, or by a direct fire. The volatilizing oils 
' ' Dirivu.di la Ho}filU, p. 7 . 
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are condensed. After from twenty to thirty hours the separation 
of tar and water is sufficiently complete, so that the ^ater collect¬ 
ing at the bottom (?) of the boijer can be dra^n off by a cock. 
The tar is now charged hot.into the stills. Jf this description 
were correct, it would be precisely similar {o the process 
described on p. 381; only it is called a dehydration instead of a 
distillation, as Ve have (assuredly g>ore correctly) called it. But 
we have already stated that a division of the distilling-process 
into two pha.ses, by steaffi and by direct fire, whether it be 
theoretically con*ect or not, does not seem to have stood the 
test of practical experience, for none of the largest works 
proceed in this ^nanner. Girard and Delaire’s description is 
evidently at fault in that it makes tke water collect below the 
tar, which is impossible in the case of coal-tar. The samef rror 
is committed fey Boll^,* undoubtedly owing to a confusioa 
Cretween coil-ta? and lignite-tar, et«. In consequence of a 
similar inconceivable tonfusioii) C. Vinceyt ^ .states the specific 
gravity of coal^ar as 0-85 or 0-94! 

A very efficient ^method of dehydrating the tar is the 
bllowing, practised at one of the largest and best German 
:ar-distilleries as the commencement of the distillation-process 
tself. The tar !s pumped as it is into the (veryjarge) stills until 
t begins to run out of a small overfow-cock placed j«st below 
he upper dome of file still, whereupon the pumping ceases and 
he firing is started. Before the tar arrives at the boiling-point, 
t has, of course, turned quite thin* and most of the water has 


:ollected on its surfaje. But^s hy the heating the bulk of the 
iquid is increased and its level rises aEbve that cff the otefflow- 


;ock, the watery’portion can be drawr? off by opeaing that cock 
rom tifne^o timg. Even if a little tar Sheuld escape with ?he 
vater,,n*'barm is done. Whatever vapours are given off durin|^ 
his heliting must passion to^e condensing-^pp-fatus, and are 
bus utilized. 


According to a co*nmuftication,receivedlfrom^Dr'’G. Kraemer 
n 1907, the method theji usually practised in Germany is 
hisr A sti^l, half-fid^ ^ith taf and this is heated to 
wiling. ITie .vappui^ pass thpugh a short column fed with 
resh tar, which’js thus dehydr^eJ^ and" irrives hj thfe still freed 

‘ Ciumiscke Technohg^der Gespinnstfasem^'p.'f).' * 

‘ dayen’s Pricis de (^hemie induftrielle, 1878, ii., p. 944. 
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from llfater. From the still it flows continuously by means of 
an overflow siphon into a reservoir from which the ordinary 
stills are fed. 

A special dehydrating still, “ alembic i circulation,” has been 
patented by "^h. Foucault (supplied by L. Poillon, 158 Boule¬ 
vard Montparnasse, Paris).. Figs. 78 'and 79 show its construc¬ 
tion. It is a rectangular box (A,\ heated only at one side, and 
divided into two unequal parts by a perpendicular partitibn (C), ’ 
also by a slanting plate (B). The co'ver is formed-by an inverted 
pyramid (K), in which circulates cold water* introduced through 
I, and running out at T; a gutter (F) receives the liquid con- 
densing from the vapour upon the lower side'of K. The tar is 
introduced through J, and at first takes its Iqvel in both com¬ 
partments, as regulated by the tap E. As it is heated in the 
smaller compartment alone, it swells up there,a-ises, and at last 
gets up to the slanting plate B, on which it spreads out, "Is 
cooled down, and runs back , into thp larger compartment, 
whence it flows back into the smaller compartment, where it 
again swells up and overflows on to B, so^long as any water is 
present. The vapours of steam and light oil which are formed 
condense, on touching the cooled cover, into a liquid, which falls 
into the gutter ^F, and is carried out of the still by the siphon- 
tube G ;> the, gases escapei- through H. After some time the 
circulation becomes slower; the,tar ceaseS to froth and swell 
and becomes hotter. It is now perfectly quiet, and can be run 
off through D and P into the<.ordinary stills, where it is now 
distilled without any bumping or'dangers.^ 

,T’h6 lliitglrswerke At G. (Ger. P. 161524) dehydrate coal-tar 
by heating frpm the top-downwards, first the iteam-space, then 
fhe upper portion oftke liquid, formed of the,,water‘floating on 
(the top, then the lower portion, holding water in mnkion, and 
lastly removing tjye chemically coijitinedawater. Two (err three) 
stills are working in a srt. The w4st;e fire-gases frona the lower 
stills a* cohductedJirst round the Steamt-space of the top still 
which" serves as a dehydrater, and then circulate round the lower, 
part of the same. The ^ater is Jthus' completely separated in 
tha upper atill, and the dehydrated tar wljic^ run^ into the lower 
stills is'dikillfd in thbse micni more quickly'than otherwisCi,, 
.without' fear of boiling over. \ 

, Sommer has filed a patent application for the following) 
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apparirtus (Fig. 8o), for separating the water from tar without 
danger of fire. The tar is boiled in pan o till free from water, 
then by overheating o it is driven over into pan o', so that the 
lighter portions cojlect in o' and thp heavier ones (pitch) remain 
in 0, from which they are run from time to time. In order to 
drive the tar from o to o' without danger of fire, o is surrounded 
by a double wall (r), which_ preye^nts any overheating on the 
outside of the pan. Underneath a is an annular spray-pipe 
{w, ui), fed from the tank v and instavitly started by means of w' 
from without. ' , 

Klonne (Ger. P. 196240) dehydrates the tar by grinding it 
by means of heatable rollers. This liberates'the particles of 



gas-liquor enclosed in the visciji tav, and produces tar, free from 

gas-Iiqutr,‘mon? cheaply Und conveniently than is possible by 

.long storage, o|-, heating, or centrifugalliqg. The same inventor 

(Gei. P. 192535) utiliz,esiithe vapours giyen out by th^ tar when 

being heated for the purpose of dehydratiqn, by*emBloying 

closed store-tank5,provided w^th arrangements for heating and 

for condensing the vapoufs evolved, t v ' 

WiltOii (B. P. 269ID, of 1907) first iieatSythe tar under such 

pressure as will prevent boilifig and frothing of the contained 

water, and then reduces the pressure S9 ks to' liljerate the water 

in tjie form of steam, at such^k temperature tjiafthe main’ 

volatile constituents of the tar tre not liberate'd, add thb tar, now i 

/ree from.watfr) can be distilfed with ease. A sm^l quantity 

of naphtha and ammdnia passes over with the steant; when the 
• #» - 




’'dehydration of tar by chemical methods 393 

pressure is reduced, as explained, but these can be'easily 
recovered by condensing the steam. Wilton’s apparatus is 
supplied by the Chemical Engineering C^., and Wilton’s 
Patent Furnaces Co., of Lqpdon. • 

Other apparatus for dehydrating the tar ,by heat have 
been described by Ch'emische Fabrik Lindenhof, at Mannheim 
(Ger. Ps. 217659, 218710, of Societd du Gaz de Paris 

(Fr. P."402917, of 1909); C. H. Kohn and E. Munster (Ger. P. 
appl. 4408, of 1910); Rftpler {Chem. Zeit., 1910, p. 261); 
Lemmer (Ger. R 238013; Z. angew. Chem., 1911, p. 1004). 
Taizo Kuroda (/. Chem. Ind., Japan, 1915, p. 413); Gas World, 
Ixii., No. 1602. • 

C. H. Webb (/. Gas Lighting, 1913, CKxiv., p. 505) describes 
the process of dehydrating tar for road-making, carrier^ out 
at Stourbridge.* It is ‘heated under a pressure of about 2 
Stmospheres* to #70° to i8o°j on reducing the pressure, water 
and light oils evagoratp, and leave anhydrous tar behind. The 
raw tar is continuously pumped through a coil of pipes, 
surrounded by the hot, dehydrated tar into a still, where it is 
brought to the above-mentioned temperature; from this it 
flows through a reducing-valve into another still, where, in 
consequence of the sudden lowering of tempei^ture, the water 
and the light oils evaporate and are condensed in « cooler. 
This process has thi advantage against the heating of the tar 
in open vessels that the Ijght oils are not lost. 

The very disagreeable frothing (iuring distillation of mixtures 
of tar and water, acfording to R P. 707, of 1914, of Crossley, 
Wheeler, and Smith, is avoided by placing a horfzontal^ip# or 
superheater in tHe uppes part of the still. This,pipe is heated 
byaflahiem hotjlue-gasas, considerabl)^above loc?’; partofthe 
froth isrfvap*rated, and the remainder falls back into the still. . 

*Dehydfation of Ttttr by Chemical ^et\ods. 

Gutensohn (B. P.«i8o6, of 1908) avoid* the^ da’hget of fir& 
in the first phase of the distillatfon of^t^r, and the frothing 
ove* caused by ^ater coftta^ned in the tar, at the same time 
obtaining i better^quality of pitch, by treating the tar with a 
mixture of chroJpic acid and sulpHhric aCid. Th^ heit produced 
by oxi( 3 atioB effects the distillation of benzol, oto, which is 
retained iif. a condensing-apparatqs. When no more light 
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oils cdme over, the mixture of acids is run off, and the remaining 
thickened t?.r is distilled in,the usual manner, which in this 
case requires a temperature lower by one-third than the old 
.process. The p^tch ultimately ^remaining is of very good 
quality, and is especially well adapted for rendering textile 
matters water-tight by impregnation,'as it is somewhat elastic. 

[This process is probably^ tpo expensiva for practical 
execution.] • 

Scholvien (Ger. P. 161236; patented in the United Kingdom 
by Oppenheimer & Kent, B. P. 12696, 1903) dehydrates the tar 
by quicklime or anhydrous calcium sulphate (burnt plaster of 
Paris). This process is more especially intended for water-gas 
tar ; in the case of ordinary coal-tar it will hardly come into use, 
for it would lead to a loss of phenols by the formation of 
calcium compounds. According to th# Germap patent 163623, 
the tar dehydrated in, this manner is distillsfl down to 
pitch. The distillate is trea^cf with acid and alkali in the 
usual way and disfilled again, thus obtiinii^ in the first 
instance a perfectly limpid distillate, smelling faintly ethereal. 
When the distillate begins to show a yellow colour and oily 
appearance, it is caught separately, again treated With acid, 
and alkali, and redistilled. Thus a cleaV liquid is obtained, of 
specific gravity o-86o to 0-920, boiling between too and 270" C., 
and consisting of hitherto unknown hydrooarbons. Its inflam¬ 
ing-point Ts 30’ C. above that of petroleum; it is specially 
adapted for motor engines, where it gives out 20 to 30 per cent, 
more power than ordinary di|tillates, and it can also be used as 
a spfcststifte for oil of turpentine. ‘ 

Purificatim %f the Tar frOtn Free Carbon, 

c • 

The free carbon, always contained in co'al-tar to a*,,certain 
extent, is trOifbteomc, especially'^irougli forming arileposit at 
the bottom .of the •still. 

E., JacobseiU proposes 1 purifying tKe tar from carbon 
previously to its disifillation. If^cffjUtar be mixed with half 
its volume of prbon disulphide, all the free 'carbon will 
separate ^ a powdej} an(i if the liqticf be‘decanted, the 
carbon disulphide blown off by steam, and the residue mixec 
' Chefii. tech. Reperlerium, 1869, ii., p. 107. 
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with petroleum-spirit, all the brown asphalt will be left Behind, 
whilst the remaining liquid, the ^jetroleum-spirit ^having been 
steamed off, will consist of an orange-coloured clear' oil con¬ 
taining naphthalene, anthracene, etc. Similarly, coal-tar pitch 
can be purified from its carbonaceous and asphalty portions; 
the hydrocarbons rcmainTng over aj-e more easily fractionated, 
and a smaller proportion is ^^sified on heating, so that anthra¬ 
cene ean be recovered from them with more facility. Carbon 
disulphide and petroIeum*spirit are easily recovered w'ithout 
any essential losSi(^). When petroleum-spirit is added directly 
to coal-tar, the asphalt, which is precipitated, form.s, with the 
free carbon and‘a portion of the dead oil, a tough, difficultly 
manageable mass; and by adding a mixture of carbon 
disulphide and petroleum-spirit, part of the brown a^halt 
is dissolved. Hence the process should be conducted exactly 
•as above 'descijbcd. [I am not jwaro that this process 
has ever been carried out 'op a large scale; it seems too 
expensive anc^ to8 dangerous as regards* fire, and probably a 
good deal of anthracene will be left in the “free Carbon’’ and 
the “ brown asphalt ” ; neither would it he easy to re-obtain the 
dissolving-medium free of cost.] 

Leonard (B. P. 2183, i8gg) also proposers removing the 
free carbon before distilling the ty. , 

Caster (B. P. 6y39,*Tgoi),for the purpose of removing the 
free carbon, first distils the tar as usual until • a tefhperature oi 
about 260° C. is reached] Th& distill^ion is then interrupted 
and to the partially cooled jjitcl^in,the still naphtha is added 
from I to 3 parts to l of pitch, in a mtxing yes.sgl proViiled yvith 
an outlet for the vapou/s formed to a, condense'r^ The mixture 
is now efther at once transferred to » Ijeated rttort, or Sftfti 
separation of parj of the free carbon by settling or by a centff 
fugal.» In the report, the *v^olatild solvent the heavy oi 
(pitch) afe sepajated in th« shape of^apours [pjfrom the free 
carbon, and are conducted to a cooling dt,^itch-celle(»ting pot 
where the heavy oils (pitch) are collected, and,*if necessary, are 
miited'with otljer oils Taf obtaining* the’desired quality of the 
pitch. [I ‘ani not responsible? for the apparent inconsistfipciei 
of this description, which in the ^atertf specificaticji goes on 1 
good 3 eal linger, without throwing more light on^tjje above.] 
Nikifofoff (Ger. P. 1^3549) employs'a water-cooled tank 
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provided with .a partition and a stirrer at the bottom of this. 
This tank ii filled with tar.* The products of dry distillation 
are forced through this, and here yield their free carbon to the 
tar;'the temperature being kept- at about 170°, everything 
volatile at that temperature escapes and is condensed in the 
usual manner. 

Witt {Chem, Ind., 1901, p 326)-Teports on carbon-free coal- 
tar, exhibited in Paris, 1900, by Johan Ohlesson’s Tekniska 
Fabrik, of Stockholm, a clear, trans{)arent, brown' fluid, the use 
of which he was not able to ascertain. The-carbon, exhibited 
at the same time, had not the appearance of soot, but of 
graphite, and might probably serve much ‘better than the 
“ graphite ’’ from gas-retwts for electric arc carbons, crucibles, 
etc. This process is again mentioned and recommended in J. 
Gas Lighting, 835 (1911). [According'to (J. Kraemer, 

the iron present in such carbon obtained from'tar by means of 
solvents is an obstacle to its use:] 

O’Reilly (B. P. 22853, of 1908) has found that, if the tar is 
first warmed upto 6s°to 120°and then exposed to pressure, either 
from above or producing a vacuum below the filter, the separa¬ 
tion of the suspended matter can be carried out quickly and 
cheaply by purely mechanical means. The substance remaining 
on the filter is essentially free carbon, which can be employed 
as painters’ colour, or for electrical purposes (electrodes, etc.). 
The tar passing through the filter can be employed for all the 
well-known purposes, oc di.'tilled in the usual manner. Its 
specific gravity (1-05 to i*2o) exceeds that of any tar-oil, and it 
is espfecYally wbU adapted to the impregnation of wood, which 
the inventor describes in another patent (B. P. 22854, of 1908), 

Dowry and Bernhard (U.S. P. 951993,1910).,heat the tar in a 
cylinder, the lower part of which is a chamber provided with a 
steam-coil, to,a!DOMt 120°, anS filter it in a chamber at tne top 
df the cylinder by means of discs, co’hsisting of uoft wood or any 
other filfering-tpedium into a spout surrounding the apparatus 
from the outside. free carbon [which should be removed 
as completely as possible when feidploying .the „tar for the 
pickling of timber) remains behind in tlje ?hape of a muddy 
mass whfch? is .carried Ifownyards by revolving scrapers and 
run off at the bottom. ' * > 

The Riitgerswerfee AHtiengeseljschaft (Ger. P. 208609) 
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remove the free carbon from flie tar or pitch, previous!/ to its 
combustion for the manufacture gf soot, by meanj'of creosote 
oil or pitch, which on the one hand produces a better qhality of 
the carbon, and on the othef hand increase^1:he yield of soot. 
A similar process is employed by Krojanker (Ger. P, 227492, 
1909) for preparing an Rnpregnating-oil, containing bitumen 
and stable in tiie cold, as wjjl,be further described in another 
place. • 

Specially for the manufacture of pitch from blast-furnace tar, 
Craig (B. P. 294J,*I907) prescribes to dehydrate the tar by 
heating, and then to treat it in a centrifugal separator, or to 
pass it through a filter-press, whereby from to 10 per cent, 
of “clayey” sludge, containing 50 tq per cent, of ash, is 
removed. The purified tar is subsequently distilled in the 
usual manner. 

J. M. Miiller ^as made experiments on removing the free 
carbon from gas-tar by cetftryugal action; he succeeded in 
reducing it to j thfod of the original propo'Vtion, 


Construction of Tar-stills. 

Only one material's suitable for tar-stills, v^z, wrouglit-iron. 
Cast-iron stills would be less subject to burn away and to 
mechanical injury In* getting out the coke; but they cannot 
be easily made of considerable size. Both the difficulties and 
the cost of casting increase very^ rapidly with an increase in 
the size of hollow oj^jects; ilfeitl^r pan a perfect uniformity of 
structure be expected in'the case of unusually larg’e Castings. 
Even.,when thSy are .made as upright lor^-castings and 
with aHarle feei^ng-hea 4 ,an air-bubble»n^y very ?asily renftifi, 
and, in.the case of vessels exposed to a direct fire, cause in th^E 
place 8 most dangerous tenSfney tb crack. even a faultless 
casting is still »ery liable»to crack, »nd must never be set 
without a curtain-a»ch aver the firepla(!5s :* nevetthdess any 
carelessness of the fireman will *cause it^ to crack; an,d the 
ini«chifef will t^^en be ^*eat in proportion to the size of the 
vessel. Wroughtjiriyi vessel.?, on the other .hand, cannat be 
cracked by incautious firing, at* least* not in coi^e^uence oi 
sudden changes of temperature, although an expUsjon from ar 
excess of jSressure, if all outlets are^stoppe'd up, is still possible 
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It is true that the plates are more easily burnt by the first 
action of tire fire than cast-iron; but this must, under any 
circumstances, bij provided against by a curtain-arch. It takes 
very gross and loag-continued carelessness on the part of a fire¬ 
man to burn tl}e plates of a properly set still, whilst even the best 
workman cannot always help the cracking of a cast-iron still. 

It should be further noticed tiint the metal ch' cast-iron stills 
must be at least four times as thick as the usual boiler-plates; 
this makes the former much more expensive than'the latter,and 
increases the consumption of fuel. Lastly, wrought-iron stills 
can be repaired by patching, or by putting in fresh plates, 
whilst similar repairs are nearly always excluded in the case of 
cast-iron. • « , 

(jlast-iron is, however, the proper material for the still-head, 
the cooler, and other parts not exposed to the wsk -of cracking; 
it resists the action of the aramoniacal vajyjurs' better than 
wrought-iron. The connection! between the still-head and the 
cooler is best made of wrought-iron, as this is tougher, and the 
risk of cracking through the changes of temperature is very 
great just in that part. 

If wrought-iron stills are protected, b^ means of a “curtain- 
arch,” from injury by the first heat of the fire, they last very 
long, pror/ided they are properly treated, especially in cleaning 
out. A new still should go at Jeast 'four years without any 
great repairs, and as long again after each thorough repair. 
The plates burn through mpst«easily at the bottom, where the 
flame issues from underneathAhe'eurtain-^jeh, if the latter does 
not rea'ch righ^ through.' Where this is the case, so that the 
still-bottom isrnot touched at^ all by the flame,* and is onky as it 
were in a hotair batt, the stills may lest muclj longer than the 
^bove-mentioned time. ' ^ • 

Zmerzlikar/Z, aitg-ezv. Chem., 1,893, p. 12 iq) observed that the 
Sheet-iron tar-stills working in the*R;iitgers factories, in Upper 
Silesia, ^now^ed stroRg corrosions in cirtairf parts. Whilst some 
stills,.made of Styrian sheet-iron,^ stood from 500 to 700 
distillations, others became useles^ after a very feiy ope'ratfims. 
Thff'cnetal contained 0-04 per cent, phojplprus. and 008 per 
cent, carboh, tyhich caftnot pe faulty; a highy percentage of 
carbon cannot be exacted from the rolling-mills, since it would 
tend to make the plates brittle. 
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Stills worked only for soft pitch last, of course, much longer 
than those worked for hard pitch, • t 

As curtain-arches, etc., cause more fuel ^o be consumed, 
some prefer doing without them, and strive ta prevent damage 
to the still-bottom by frequent cleaning out. According to G. 
Kracmer (priv, comm.), long practice has proved to him that 
curtain-arches Tnay be dispansed ivith if the stills are placed 
sufficiently hi^h (3 to 6 ft.) above the fire-grate. Cf. also infra 
the statements of I^'spler. * 

The following general rules should be observed in con.struct- 
ing wrought-iron stilk:—The thickness of the plate of the sides 
as a rule need nof be over | in.; the very greatest thickness, for 
40 or 50 tons of ter, should be J in. ffhe upper plates should 
be quite as thick as the lower plates, since they wear out rather 
more qukyy (see belo^sr). The top and bottom are made 
rather thickdr tlftn the sides^ especially where a vacuum is to 
be employed; in Jhis case the* top platens should be at lea.st 
i in., the bottom plates in. thick. 

Of course the platqf must be very well riveted and caulked ; 
but in spjte of that the seams of new stills often show a tendency 
to leak at the end of the distillation, when the temperature has 
ri.scn very high. This is seen by a flame ruijning along the 
seams or rivets; it always occurs at the bottom, and can be 
cured by fresh cauflciflgs. Even without that, coke soon sets 
into the seams and makes them tight; hence suet leaking is 
mostly noticed after a thorough cl^aniBg of the stills. In any 
case it does not en(janger tRe safety of the still. The same 
thing holds good of the stills for light ml and otlyr simiRr'ones, 
to be menUoned*hereafter. 

Much di^ereijce of opinion exists as V> the Dest s/tape oj a 
tar-stillr Formerly anything; was* made to answer, especiallji 
old st?ani-boilers mf ‘various shapes. Mostiy‘,this was bad 
economy; increased consvnfi)tion of fu»I, longer time of working* 
off, frequent repairs,*and Trothing^over of<tfie contenft of the 
still amounted to several ^mes the cost q,f j new tar-still*gf the 
be^Tpattern, B*:t there ft r^uch dissension upon the question, 
What is the ‘bes^ sfeape of a tar-still ? The folfowingsds a 
description of various forms of ^ills 'ffiund at .weS-ronducted 
works in different countries.* 

The ^orm of still almost universally met witn in ttngiano 
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and a'iso at the majority of German works, is an upright cylinder 
of nearly e^ual height and .diameter, with a dome-shaped top 
and a concave bottom, i.e., equally curved upwards in a dome 
shape. This corjpave bottom is preferable to a flat bottom, on 
account of its_ greater stiffness and larger heating-surface, and 
because the iron can better expand and contract during the 
inevitable great changes of ,temperature to whith it is exposed. 
Convex bottoms would have equal advantages, but wobld not 
present such a favourable propoi'cion between the heating- 
surface and the contents of a boiler as concave bottoms; they 
are not so easily set, and the pitch could, not very well be run 
out completely by means of a cock in a lateral direction. 

Such stills are always made of considerable size, both to save 
labour for attendance and because the separation of the products 
according to their boiling-points is easier the larger the quantity 
treated in each operation. Rarely are smaller stills used than 
those for a 6-ton charge; but they a/e sometimes preferred 
because a charge can be worked off in ten dr twfplve hours, and 
night-work thus becomes unnecessary. But the large works 
usually have larger stills; in England, holding from lo to 20 
tons, rarely more; in Germany, 20, 25, or even 50 tons. It is. 
doubtful whether such very large stills* are the best; 20 tons 
seems tbe most convenient size; and more recently 15-ton stills 
have also been frequently erected in Gtrmlmy. Some factories 
formerly working with 50.ton stills have recently gone back to 
15- or 20-ton stills, whicdi can be worked off within twelve hours, 
thus avoiding the risky n^ghli..wo^k. ^ 

,Fig3.'8i and 82 sh6w the shape of tar-stills of 18 tons 
capacity, accqreing to Rispler, Chem, Zrit., 19'iO, No. 51,^ ' 

‘ ' Watson'Smith a/jwses trying the (tightness of e^^ery still by 
putting it on its seat, connecting it with a steam-boiler, closing 
all openings, afli^ blowing irf steaip'at 2joatijiospheres’p»essuref 
it shduld not leak anyvjhere then. •' (Evidently an air-cock must 
be left 6pen till all ^iie air has been expelled.) He also observes 
that there is usually some difficulty in fixing the cast-iron still- 
head, inasmuch as the c6ver is rtio'sfeiy made,of several piecest. 
ovqclapping each other at th'e ‘seams,^ and ttiuV presenting 
obstaclec tp a tight joint with the flange of the'Still-head. Tltls' 
can be 8vo,ided, either by makingethe top piece out of one plate: 
with a circular opening for the head: or else, if the too 
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onstructed of several , pieces, by making a wrought-iron ring t(r 
t the central opening (pre-riously provided with rivet-holes),: 
ammering it dpwn while red-hot, so hot that it adapts itself tb, 
11 the uneven places of the joints, marking the places for the 
ivets, taking fhe ring off, punching the rivet-holes, putting the 
ing on again, and riveting, it fast to the top. The inner border 



Fig. 83. 

I. 

^ this ring, projecting^into the centrtd opening apd left ^uit^ 
.'smooth, serves for bolting oif the still-head. . 

The Gerjpaft tar-distillers tic not <agree with alf th^': 
assertions. In their opinion, a hi^-pressure itest is useless^, 
the Stills are ^evet‘subjected to suth pftssures, and the 'te^ 
itself.lnight dama^ Jhestiusj it is,sufficient if the stills, 
tight at 7 or 14Tb. pressure overtjiaFpf the atmosphere.'; 
them^aality of the plate for inaking the bpttqm is all-impcal|^ 
li^^pt)ssit^e.^ts.:t)reaking-straiQ''shpuld bg test^.Wore'^qg^^ 
plates, "'^tfcopstruction irf the bottopi, as shown 
tiiat of a.’ serai-g&Jte of-jjhe sauje^dispne^'^as 
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cylindrical part; the edges are turned up and riveted to the 
cylinder shell. This tuming-up nrtikes the bottom mor.e elastic, 
without sacrificing its strength, and it avoi(Js the cuneiform 
space between the bottom and the cylindrical portion, which 
soon chokes up with coke^thus causing the iron.to get red-hot 
and to burn through. In the case above shown the running-off 
tap can be fixed in such manner that all the pitch comes out. 

BoJh bottom and top of the still are made in Germany of a 
central cap and four^ or five* segments, joined by a double roW: 
of rivets; thus the difficulties mentioned by Watson Smith as 
to fixing the still-head are entirely avoided. Some|imes the 
bottoms even for ktills of more than 8 ft. diameter are made of 
one piece; but these are less stiff than -those made of several 
pieces. , 

Formerly th# joints ^ere made with the well-known rust- 
cement, or Modifications of it. But asbestos board is far 
better than this, both for the flanges and the manhole lids, etc., 
for no kind of cement stands the strain put upon the joints by 
the expansion of the iron under the influence of heat. 

The thickness of the plate differs according to whether it is 
for the top, the bottom, or the cylindrical part of the still 
According to Warner (j. Gas Lighting, 1910, 132), the usual 

thickness in England is -1 to J in. for the cylindrical, 
mantle, to f in.* fdr* the bottom, and to for the 

top dome. In Germany the usual thickness of the plate for the 
cylindrical part is 10 mm. in thercaje ot stills holding less than 
20 tons, and 13 mm. Ijpr stills *hol4ing from 20 to 40 tons; the 
plates for the top and the bottom have a tbicknes? of. 15* 
'to 18 tom. 

At dtiehf the largest English tar-wor<tsjthey errTploy still? ^ 
ihe shape sketched in Fig. 84, which have been working ther^ 
for a ntfmber of years and gfiip the'fullest satipf^cjion. It will 
be noticecf that the rise qf %e botton* is very much greats/ 
Sthan-in the stills already figured, so that, f» Tact, tHe cffown of 
il;be bottom dome is quite half-way up the,cylindrical portion of 
i^e afflir Tlys ca^ises thefceft of the-lire to pftietrate well into 
;the interior of the ya^ of tar or pitch, and keeps the leWof 
;^e,^tch at the*,end of the distilljition'V a conyerflent height 
;kl>ove't&e These stills ibid 14 ton> of tar "and* require 
hours be%e riinnijig off the,pitch, k> that they‘fcait be 
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newly charged every day. In lieu of a running-off cock or 
valve there is a pipe (a) reaching down to the lowest part of the 
still, and continued outside in a cock ( 6 ) and a branch (f)', 
descending into a. closed tank (d)^ At the end of the distilla¬ 
tion, and after,the pitch has been softened, as may be required, 
by pumping tar-oils back into the still, a vacuum is produced in 
d, and after opening the coclf 6 the pitch will rise through a and 
c and flow into d. ' 



<Fio. 84. 


These stills require only ”i ton of coal oco J a ton of-creoswlt^ 
oil for distilljq^the whole <3iarge<(i4 tons) af tar. ” • 

Similar stills are used at another ^of the ve»y largest £rtgHsh^ 
tar-worSs;J'they h'cSS ro to^s. Rec6ntly*some stills have thei«^ 
Jjcen.tnade to hol4 90 tons, keepipg^to the same horizontal 
section and curvS of top and bo$otft, and. merely makMgf fho i 
cylRSUrical portion $0 much higW; therp sterns.to 1)6 a saVtnjpfl 
of fuel Ifi .die latter caM, Tjfee ip-,ton stills require twelTC,^Qtit^ 
for distHiiii^, three hoiirs forcooSng down till<t^pitch ^n.|^ 
Iran o,ff, and another four hoiurs for flj^ing.'^ ll|p. finp{|.is 
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in some other works) exclusively none oy means of creoSote oil, 
of which only 50 to ^ gall, are cot\^umed in working off a lo-ton 
^till, which must be considered a very good result. 

Many works employ a very different sj^pe of still, viz., 
■horizontal cylinders similar to steam-boilers. They are of 
course less in diameter frarely above 7 ft.), but longer, than 
upright stills. .It would seey that they require more fuel than 
the latter form of stills, and th*at the tar has much more 
tendency to froth over in them during the first period of the 


distillation. , * . 

At a German works I found such horizontal stills, holding 
18 tons and provided with two or three still-heads, which were 
pronounced to work very satisfactor^y.. At another factory I 
saw horizontal stills, holding 22 tons, which required forty-eight 
hours for distilling off a charge, apart from the time for iflling 
•and cooling dowji, so that pnly two charges could be made per 
week. The plates have a tWcljness of 12 mm. at the bottom, 
and ,14 mm. at the top (that is, slightly below and slightly 
above ^ in.). Vhey are made thicker at the top, because they 
suffer more where thty are not in contact with tar or pitch, 
and are more reduced in thickness by working than the bottom 
‘plates—an observation which I have found confirmed in tiic 
case of English upright stills. Thg setting of the ^jorizontal 
stills is best made* in "SUch a way that ^he flame does not 
directly touch the bottom of the still for about tWo-thirds of 


its length, but is kept off by %n arch perforated with pigeon¬ 
holes; the last third of the* bottom is heated by the. direct 
flame, the bottom of the'flue beihg»i2 in. below th» lowest 


, part of the still. « 

In An»erica the mosj usual shape gf tar-stills is also that 
,,of horizontal cylinders, made of in. steel plates of aboW 
2000 g^lL capacity or more. There is only one row of rivefa 


along the*top. ^ ^ 1 

Special forms 0^ tar*stills have bean, •described* by, the 


following inventors:-^ 

. mg (/• Soc, Chztn^fnd., 1910,* p. *1^5), describes a still 
specially intfendeld for watef-^s tar, consisting of, a slapping 
t^linder whicb«is*hefted, beginning fnm the upper.end an<i 
flown to,\he lower ; tffis causes the* (Jistillation tt 
reguMrly and without bumping. 



WV , inri rinsL U^ 
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KiSsch, Teubner, an^ Deut^e Erdolwerke describe in theii!; 
Ger. P. 22C^57 a horizontal, still, containing inside below the 
top a curved division-plate, leaving a slit along the sides, 
that the vapours'pass through it ^nd go away at the top, whilst 
the oily particles carried away fall back into the still. ' 

In my and Dr Kohler’s opiition, horizontal stills are 
altogether inferior to uprip;ht ^opes; they work much more 
slowly, and they consume incomparably more fuel than the 
latter. At a works where horizontal stills are used, the manager 
told me that i ton of coal, or an equivalent'qf other fuel, would 
distil 5 tons of tar; whilst at several other works, where 
upright stills are used, I found that only >one-third of that 
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amount of fuel was consumed. Tliis is Confirmed by Warner 
(/. Gas Lightings i 9 iOjR- 132)- , In a factory,where horjzon&.; 
stills are working,, thfy bifrned 3 i, 'cwt. coal ta-ejch ton,- 
W tar; whilst at ofher factories, working vlith'uprig^ht stffl^; 
only IJ cwt. per ton of tar^was consumed. ‘ The case ,rnay b 6 | 
.diflferent at "flicfories -j^here the**waste*^ heat of the stills isl 
employed for other ^purposes, or w^Sre t^e stills are provided’ 
with s^irriug-atVangements. t ' 

, Siills of a v^y' p^uKar shape a,fe employed at tSau£aris'i 
gas:g;orks. Th^y are wagm-shapid, with ah mcuVved bpttxaj^l 
ajjd ed^'stVery, much-•rounded (Fig. S'J),'holding only 
gall, of,tar. ^ ’The flues run’Wic^ round tie sl^es of tlSe‘st' 
'T 5 ii 8 shape, 1 am |Bform 6 d, is preferred 'because *tt cau ‘ 


wt 
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.jjcast Injury to the metal in contracting and expanding with 
• the changes of temperature. But such injury has not been 
.pbserved where the usual uprfght cylindrical Stills are at 
work; and the Paris shape has from the firsWhe disadvantage 
df requiring two running-off taps, one for e*ach side (at a a). 
' These stills are set so that the bottom is not*touched at all 
■ by the fire, v^hich circulates twice' round the sides. In the 
.lower flue the flame does ncJt "impinge directly upon the metal, 
which is protected by thiij iirebricks; in the upper flues these 
are not employed* Everywhere else I have found the flame 
(which has expended its greatest heat upon the curtain-arch 
beneath the still-jiottom) heating the sides of the still without 
any firebrick lining and without doing any injury to the still. 
The stills at tHose works do not * sh'ow the arrangements 
mentioned by Girard and Delaire^ and by Wurtz,® by which, 
.as soon as*fhe Tevel of the tar sinks too low, the uppe'r flue is 
sliut off and the Hame is only allowed to circulate in the lowet 
flue. But anyhov* thef flues h%at only tlie lower part of the 
still; so that stch a complicated arrangement is not called for, 
Even the upper flue u built in such a way that the level of the 
pitch at the end of the distillation is still above it—which is not 
. very difficult to manage, since the bulk of the pitch is at least 
half of that of the tar. •’ 

Kissel (Z. ange^.^ Cltem., i893,*p. 6i]^prefers thiS shape to 
'■all others. , The stills working at his factory were jnade of the 
best quality of wrought-iron, the bottom of charcoal-iron 
Their dimensions were; len|:th» $ ffietres, width 2 metres 
height from the low«st to the higtiest point 270 metresj taking 
a charge of 20 tj 30 tons of tar. • * • 

Andth^r shape of ^agon-stilhis Siown in^'fgj. 86 anc^87 
/"according tcEngler {Dtitgl. pefyt.J., 1^6; vol. cclx., p. 433),« 
employed in the "Baku petroleunvrefineries. .They are up tt 
/23 ft. loeg, 13 ft. ifride, ahd 10 ft. high. ‘Awiare tl;e still 
heads; b a manfiole;.c i*tnree outlet? for .the residues. ThJ 
arrangement of the*internai stay^ is clear* frojn tlie 3 iagranis 
' Thjg^re two fireplace* ^r)pupplied, with " astatki ” {pp*.*329 4 
''^■seq.l I havp«eeit tar-stills wml^d with creosote oil, when this wai 
/imsaleabie!) ;• Jhft fltro first pisses |hrough" the^ajchflll-ove; 
i vflties B, Bj, returns at the still-end to the for» part^ rises up 
‘ DM^del» HcttilU, p. 8. * * Matures col^aHtes, p. 23. 





408 ^ THE FJEST-DISTILLATION OF COA|rTAft. 

, - • ■ * ' ' 

travels'again backward along the sides of the still, then down-if 
ward and through the flue Bj.into the chimney. ” 

J. Maxwell (B. P. 3640, 1882) places vertical pipes within- 


with rychanical agitalbrs mil oe. described on pp, .:; 

, Durii\g‘rgcent years efldeavpurs hsiye mdlde 

economise fuel for the tar-stills'by means of inwl^d heat^^ 


■ . Fief 86. 

the stills, with or without the use of a compressed-air tube, 
for the purpose of facilitating the separiftion of water, oil, and, 
other liquids from the tar while undergoing distillation.' t p 
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xrrangements. As Rispler (Cfew. 1910, No. ji) has 

fhown, the utilization of the fuel jn the ordinary stills is very 
imperfect In his experiments with an upright still, filled with 
water, i part by weight of,coal evaporated,1io more than 2j 



Fig. 88 . 


parts of water, whfeh, of 
course, is a very imperfect 
result, which can be^oiKider- , 
ably improved by heating 
the stills, also by heating- 
tubes inside. • 

One of the best apparatus 
for this purpose is sjiown 
in the*German patent,,No. 

*53322, of ^he* Chemische 
Fabril* Lindenhof,,C. \i^eyl & 

Alo., at Mannheiqp, illustrated 
by Figs. 88 and 89. • • 

' The still is a horizontal F10.89. 

cylimitt of any desired tjfiae 
. city throu^*which pass nurfiefous heating-tuljes, the to]^li 
of which alwaysre!!na?ns below thft levehof the liquH.dup to 
jioint tJhere^oqTy pitch remains behind, so that tbe/Ctis n 
risk oF overheating the charire. The 'fireolace is arranged 
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in front, so that only the hot fire-gases pass through Ihe iobt^ 
, The still is supported by brick pillars at both ends, the. othiw 
'' part of 'the'^still-bottom being free, protected against cooting 
by good insulation. This not merely saves a good deal df the 
cost of brickwork,' but also leaves Uie cylinder mantle free for 
any repairs. The only brickwork r^uired is that of' the fiiB- 
place, and that of the flue leading to tfie chimney. This stiD 
allows of thoroughly utilizing tlle®heat of the fire-gases, and 
moreover divides the heat upon it^ contents of tar in such a 
regular way that crude tar, without previous dehydration, can 
be distilled down to pitch; there is no over-heating, nor any 
violent bumping during the boiling. It "can, be worked wHh 
a vacuum, with all the advantages in respect of saving of fuel, 
time, and attendance connected with it. It “has proved to be 
an eircellent apparatus in actual work. 

Other stills of this description are shown ‘in the German 
• patent, No. 150229, of Louis Schwarz & Co., al Dortmund, and 
in the German patent of Barleh, No. 22829J, by Borrmann (Z. 
angew. Ckem., 1915, i., p. 387; Crossley, Wheeler, and Smith, 
'B. Ps. 707.and 19392, of 1914), who superheat the froth. 


Detailed description of a Tar-still and the auxiliary apparatus 
4 belonging to it. 

The various parts^ belon^ng to a tatysti^ are best described 
along with an explanation of Figs. 90 to 92. These represent 
a 25-to« still, the details of which, as well as those of the setting, 
are not copied from a pcfrticalar*p|ant existing at a factory, but 
combing those features of hllThe apparatrfi observed by myself 
in England anti Germany which seem to me most practical. 
' But each sipgle'part, descrilred or dra^n here or rdtifter^U 
j^tually in use at on# or another of thS largesfrandbest 
;■ ' Fig. 90 is a cross-section.aloijg .the line E F of th^^ajis| 
s^ig. 91, a plan laifl through C D of ^ig. gtf; Pig. 92, a plan of tte 
\^till itsey, along the lini A B of Fig.^*90,—all ^ of the natur^ 
, size,, The still is 9 Tt, i0 in. jvkie, and 11 ft. 6 in. high (without 
'the. dbm'e), made of l-in. or J-it^ bojler-plate. The Jnyai^ 
i,i4®tve of the bottom is about th^saml as thetsutweyd carvylof 
.;fhe tt^i b(^ ofthem sopetimes made<m^di higher 
».alywm hefft The Stitt may fee set wkh a slight-siope towj^s 
|the outlet^bdck a, which in any*case is plac^' 
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possible just above the'bottoiS, or even in the flat part of it. 
This is absojutely necessary jf hard pitch is madg; where only 
soft pitch is made, as is usual in Germany, it is not so essential. 
The still is hdjited by a fire-gr^te { 5 } adapted to the special 
quality of the fuel. The usual fuel is small coal (slack); some¬ 
times, especially at gas-works distillftig their own tar, coke is 
employed, by which, however, the^still-bottom nay be injured 
unless completely protected Toy a curtain-arch, or unless-steam 



r 

Fig. 91, 


be introduced at^ the end of the operation. ' Sometimes- if the 
,heavy‘oil is‘not'easily saleable, I*- is employed for “firing the 
tar-stillS(> many arrangements* for (‘this ^ purpose have been 
descriljed in Chapter IV, ? 

TKe firefflace ijS abcessible from witjiout by a door (r).'»Uihere 
there ^re a num^ier of stills, all ^thfe doors are*arra”nged in the 
same lines,,opposite tO’the sdes where 'the''pitch-cocks a are' 
placed. (Usually the ash-pits un^er each gratg comratinicate 
with the outer air by an opening below the fire-ddor. But in 

, ' .* ■ t- . .. '' 
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our diagrams we show the arrangement at one of the largest 
English works. Here the ash-pks are closed below the fire- 
doors, and all of them communicate by an opening ( 5 ) with a 
large overarched passage («)*unning along th« whole set of stills 
and only accessible from the two extremitie|; this affords 
perfect security againsUfir^ in case of the tar boiling over and 
running out of*the receivers.* Jt i^ true that other precautions 
can be taken against this danger, such as constructing the 



Fig. 9 I. 


receivers in the manner to be described below, where the tar,' 
even i#it boils oveii cafinot ggt at tHe still-fires^.*but the arrange¬ 
ment shown her* will alsp let in the *ase of accidents*to th« 
^ipes and, especiallyt to the still-head, fo» #frith it* thff vapours 
issuing in great force cannot take Are at ^he ash*-pits. Moreover, 
theHtfiflergrjoun^ passag»*«* permits* great «leanliness. It is 
useful to place a ste^-pipe l 5 elow each fire-grate, to iocrease 
the draught, tb^revent overheatfcg of'the graje-l^re and the 
fire-bars, and thus to avoid the formation of fluxed cinders. 

Such^a, steam-pipe also allows of extinguishing a fire, caused 



414 THE FIRST DISTILLATION OF COAL-TAR 

f 

by tar leaking out of the stifl. Steam is not merely more 
efficient,for;this purpose than water, but it also avoids the 
danger of an explosion which might take place when liquid 
water meets burning tar or pitch, in consequence of the 
sudden evaporation of the .water. 

The flame travels over the fire-bridge/, and under the arch 
g. This arch is sprung barrel-shaped from the Annular wall kk 
on which the still is seated, and completely shuts off the still- 
bottom from the flame. Thus tM space between g and the 
still-bottom is an air-bath, kept very hot by the flame below gi 
but never excessively so. So much heat is imparted to the 
arch g that at the end of the operation no“ firing is needed, 
especially if steam or exhaustion be applied. The weight Of 
the,still resting upon the annular wall k k enables this all the 
better to support the pressure of the'curtain*arch.^, which is 
otherwise independent of the brickwork of ^e fireplace, and 
can be easily renewed when it> is too .much burnt out. The 
flame now travels on*through four holes {h %) into two vertical 
• flues (f i), and arrives at the cylindrical shell of the still. The 
solid pillar between the flues i i, is continued to the top. 
Through this pillar pas.ses the pipe connecting the pitcK-cock a 
with the still, pr,ptected from the fire, but kept warm by the flues 
i f and This pipe should be at least 12 in. wide, to prevent 
choking-up. The pKIar i' forces the fTatni to divide into two 
currents, which pass round the lower part of the still in the 
annular flue / /; they are pr^ventqd from uniting in front by the 
pillar pass through the Sues*« in^p the upper annular 
flues H n, return to the Hack part, and enter through 0 0 into 
, the downcast-sb'ifts //,'conjraunicating with the main flue q. 
. "nie shafts/V provided in suitable places ,w'ith dampers, by 
lyhich equal heating of both sides of the still can be secured. For 
shallower stiHs^a«,<ngIe annular flue,would be sufficient; its down- 
Cast-sliafts would have to be arranged in front, at each side of‘ 
the fireplace.'' ThebeStwidthofthearinulai-flueisfrompto 1210!* 

The outer wall, qs far as the flues reach, should be at lea,5t 
1410. thick, and siiould be' strengtliencc! by several iron%SPtld,s,- 
shown in Fig. 9a Above the flues the st,ijl is su’'rounded by a 
9-in. brick jjickpt to prSvent .cooling; the bricl^work .continues 
along the w.bole top, and preferably also up torthe top of the 
sfilbhead t. . Such a'protection against cooling is all the inbro* 
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needed where the tar-stills are ^xposeS to the air, or merely 
covered by a light corrugated iron roof, etc. This, the most 
usual, style causes any explosions or fires to be less destructive 
than if the stills were placed in a substantial building. It is 
advisable in that case to protect the brickwor|j of the stills 
against rain by a coat«of'molten pitch. 

The mountings of the still jrg as follows :—A cast-iron supply- 
pipe (>',’Fig. 90), closed by a slide-valve or cock, is provided for 
running-in the tar.^ It is D^st rather wide, say 6 in., so that 
not much time may be consumed in filling the still. Where the 
tar is not pumped, but run in from a high store tank, a simple 
hole will do, afterwards closed by a screw-plug, or even the 
manhole. Ther^ may be a special Jiole, through which the 
depth of the tar can be gauged ; but an overflow-cock (s) of l-in. 
bore is prefer.abl(». - As soon as tar comes out of it the feeding 
*is stopped arid j closed. We have seen on p. 389 that, during 
the heating up, the watef collectkig on the top of the tar can be 
removed from time^o time by opening s, which greatly assists 
the work. If the tar is pumped by compressed air, in which 
case the pressure-vessel serves for measuring its quantity, the 
gauge-hole and overflow-cock are unnecessary, since the filling- 
pipe serves at the same^ime as overflow. ^ 

The tap (a, Fig. 90) serves for rurmingoff the pitch ; it will be 
described more exadly hereafter. Instead»of connecting it, as 

■ is here shown, by a 4-in. pipe with the still, the latter is better 
provided with a 12-in. pipe pro^ectjng through the brickwork, 
and in this the tap a fixed. ’If f^iegetting is similar to that 
shown here, the pipe is always hot Enough fo; the'{flteh.to 
remain liquid. But it is .possible to wark altogether without a 
tap, by forfln^ up,the pitch through a vertipal deli^ery-pipelj^ 
means of steam {cf.^do'u). 

Thefvapours ar^casried Vay by the cast^gsop, still-head, t, 

" which usually decreases in.wIHth from is in. down to 6 in., and 
is then continued int® a ^in. metal-pipe, Raiding to flie con- 
densing-tank. Sometimes a |;utter*is provided fnside tha^still- 
head,*'it* its ^basg, to ConSuct directly outwtrds any liquid 
nicondensing'in.the^risfpg part of the head, so that it cannot 

■ drop back into tHe still, where it i^ight'Jause frqjhiflg»up; but 
|his is hardly jietessary if that part of the still-head is sursounded 
by a bad conductor of heat. In some places they put a steam- 
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pipe into the still-hea 3 , in older to remove obstructions by. 
blowing through it. But a ,still-head of such a width cannot 
very well become obstructed if it has a little fall. As to the 
connection of thq. still-head with the still-top, we have described 
it on pp. 400 and 403. 

In the connection between the pfpe connecting the still-head 
with the condensing-worm it is», necessary t® consider the 
expansion of the iron by higher temperatures. The conrlecting- 
pipe is usually made of wrought-iidn. 

Every tar-still must have a manhole, have represented 
this at a (Fig. 90), like a steam-boiler manhole, closed by a 
cover fixed on by an arm and screw-bolt; the joint is made by 
a ring of asbestos packing. In Fig. 84 it is shown how the man¬ 
hole is combined with the still-head, which saves cutting a special 
opening in the still-dome. The lower side, of .the manhole 
lid is best made to slope towards a centre, where an open spouf 
leads to the top of the condensing-worm. The object of this is : 
to.prevent the watef condensing there in h lif|uid form from 
dropping into the contents of the still and causing these to 
froth over. Anyhow, this water, conden'sing both there and on 
other fittings, should not be allowed to run down the sides of the 
still, where it might cause a corrosionthis is done by allow¬ 
ing these parts to continue, an inch or so into the inside of the 
stills. In some plaaes the manhole lid ir made to serve at the 
same time hs a safety-valve. It is then a plate, loosely laid upon 
a riveted neck, and joined to it. merely by some cement which 
does not become too hard. If'>the pressure within the still 
should fdr sotne reason or another mount too high, the lid will 
be thrown offl before any, other damag? can oocur.^ In America 
‘ soiiie tar-stills are provided with a st^el pin loosely'fitting into 
a hole in the still-cover; when there is pressure in the^still, the 
pin is ejected ap^ vapours issue ffOm thp hole, which isia signal 
ofor opening the fire-doors and blowing steam tJirough the worm. 
Unless fcome such, contrivance is provided, there should be a, 
proper safety valve presenL’as delineated here at .w ; but many 

' Watson Smithif/ Soc. them. InH, iji£2,*p. 342) doubts wlTetber this 
contrivance would-be efficient—eithdr il would be too tight, and thus not 
act at all^or^else it would tie too toose, and thuk allow yapours to escape at 
die end of' the' process. But 4 am acquainted -with a very large and 
eacellently mihaged factory where the above-describea agangement haa 
Worked perfectly for a long timg. 
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tar-stills are found without one. A very useful precaution 
consists in providing a side brancSi to tlie safety yalyp, which 
permits any tar that boils over to run to somf; safe place away 
from the still, preferably back' into the tar-pit. ’ 

Hamilton {Chem. Trade xxi., p. 87) shows a cast-iron 
valve, Fig. 93, where a %na b are ground together; the weight 
(not shown herl) rest on a. Fig. 94 represents a cast-iron valve 
used in Germany. A is a ^ase with removable cover and two 
6-in. branch-pipes. ,On the burned bottom fits the turned'plate 

B with guide C, passing through 
the stuffing-box D. The valve is 
fixed to the still at E; at F is 
fixed a pipe leading to a some¬ 
what distant reservoir. The jjint 
between A and ii is made 
with asbestos packing. In case of 


t 



pressure within, the plate ,B rises up and the \iapour SsCapes 
through F., Near the r(« C there.ma^ be an *;l€ctric contact 
for indicatingits Wsing. 

Hofftnann’s safety-valve for tar’ stills, petroleum tanks, etc, 
sold' by tj?e Chentische Fabrik'^alzkotten, •is. described in 
' Chem. Ind., 1905, |). 434. ThTa valve autbmatically opens when ' 
a certain pressure exfIsts within the appa'Vatu^ and ffelow it 
within tl^p still; a thin-m^qpl:ip^metaflic^tile.pi;events the strfking- 
in of a flamejwhioh may b8 fctrnjed by the escarping gases. 

* If & thermonutet go) is should be plaAd in 

an iron tube closed at the bottom and fi’lfed with iron filings or 
; mercury; it .rticfuld reach halt-way down the still.* Jn* lieu of 
A-this, some works haye pi^rometers* of various constructions, 

n 
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mostfy not very reliable in thbir indications. Unless steam be 
applied in the last stage of the process, a mercurial thermometer . 
cannot be used, since mercury boils at 360°; in that case' it must 
first be taken out of the iron tube. It should not be forgotten 
that mercurial thermometers which have been exposed to a 
high temperature for some time Vary their fixed points con¬ 
siderably, owing to deformations of their bulbs, such variatioils 
have been observed extending to as much as 14°. Hence they 
must be compared with a standard thermometer from time to 
time; otherwise mistakes in the working and disputes with 
buyers may occur. This of course holds good of all thermom¬ 
eters used at tar-distilleries. 

In German works the distillation is rarely carried on by the 
indications of the thermometer: the work is done by means of 
practical indications, to be mentioned-below, and by the specific 
gravity and behaviour of the distillates. ♦ ' 

The following precautions ,sh‘ould Ije observed in fixing pipes 
and mountings to Ihe stills. The iron is mostly corroded in 
those places which are not in contact with tar—that is, at and 
near the top; this shows that not the tal- itself corrodes the iron, 
but the vapours, and still more condensed ammonia-water, more 
particularly b^ the ammonium sulphide. Kohler (Z. angem. 
Chew., ,'894, p. 513) found the worst corrosion where, in conse¬ 
quence of joints leading outwards, the -plUte was cooled, e.g. at 
the manhble and at pipes flanged on to the still, where the 
thickness of the iron had diminished from J in. to ^ in. This 
was done away with by qarrying the pipes 6 in. into tjie 
still, and protecting thttn against cooling on the outside. 

Care shop Id also be taken that the thermometers, valves, 
manholes, etc., are inerted absolutely tightly. I? this is not 
the case, benzene vapours* wilj issue in the first part of the 
’process, and a:^ these form'aji explosive, mixture with aSr (in the 
propbrtion of i benzene to 35 air), bad accidents might occur. 

Tht* reader wilUnotice in our dtagrams (Figs. 90 and 92, pp. 
41J ft se^,) a system^of steum-pipes {xy z). We shall see after-, 
wards that the' majority of words'cibw employ stea?h, fliostly^ 
superheated, for finishing the ^rc«ess. ,This is .usilally done by 
means of a cross-shaped tube with perforafious for the issue of 
the stejni! » ft ere we have showB the more perfect arrangement 
patented by Trewby and Fenner (Np. 36l3i 9th Sept. 1879).. 
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The steam is introduced by a i-jif. pipe vtith-tap (x), whicli sends 
down three vertical branches fy ^ jj) inside the still. The tubes 
j/y corrtmunicate with an annular-shaped tube,y, pfaceci in the 
lowest part of the still, and ^^ith a system of IjTanch-pipes, z' z', 
covering the whole still-bottom. Bothy and z z are provided 
with a large number of qpeN, slightly bent outlet pipes with con¬ 
tracted ends. Thus the ste^ is divided into many thin jets, 
ranging all over the bottom of the still, which prevent its over¬ 
heating and carry away theJufepours of the heavy hydrocarbons. 
Owing to the large^tirface of the steam-tubes, the steam is super¬ 
heated before issuing, and a special superheater is unnecessary. 

Later on, H. W. Fenner (B. P. 13629, of 1884) combined the 
application of stirrers with that of stevn, by providing a hollow 
shaft, passing down the centre of the still, with branch-pipes for 
distributing the ^team, the whole system being made to rotate 
•by suitable gearing. 

'Getting Utc lar-stills^ 

One of the usual ways of setting tar-stills in England is shown 
in Fig. 9^.' Here therb is no curtain-arch at all; the fire of the 
grate a passes through the holes b in the annular wall c, and 
once round the still in tbe flue 'd. Sometimes the annular wall 
supporting the still is strengthened by iron bearer*, which 
probably do not last*very long. 

From a communication kindly made to me in f885 by Mr 
John Wyld, of the Bradford Coi^joratioij) Works at Frizinghall, 
it appears that at on^or mor^wo^s ;n that neighbourhood the 
system pf firing by gas-producers was Applied to tar-Srtlls, but 
It is not^tated whether it was found t» possess, afiy advantage. 
There i# niJ reasop why it^hould not anrv§r, as th#firing cdhld ' 
be mora easily regulated ; but I shtmld not expect to find any 
saving «f fuel by thjt rpethoil, 

. _ H. W.'Fenno- (B. P.,13630, of i8it) forces the flame to* 
touch the bottom and«ide»of the still in a*f^ticulEfr nfenner. 

The plant described by Toldt*(C 7 ii^»j. Zett., 1898, p< 258) 
does'not^show any special Aa\ures. 

' From Chemtstry ^piiied to tht Arts and Manufactures, bjT Wm. 

. Mackenzjf, vol. i., p*499. The other figures found in the spm^plhce, taken 
from Bolley’s Tethttologie der Qespimstfasem (pp, z 10 <r/ seqfe dp not refer to 
the distillation’of coal-tar, but to lignite-tar. 
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Louis Schwarz & Ca (GehP. 150229) describe a new way 
of getting tar-stills, which is to avoid the drawbacks connected 
both with the solid arch below the still-bottom, as shown ir 
Fig. 90, p. 411, end with the unprotected bottoms, as shown 
eg., in Fig. ,95. The former arrangement involves a coU' 
siderable loss of heating-power, th^ latter iSads to the forma- 


Fio. K- 

tion of‘col{e. ^Tbe'new ir^vention'starti from the fact that a 
coatiflg of coke is piijch more easily formed on the bottom than . 
on the pe rpendidUlar side-walls of ^he 4 itffl. 11 retaips thi protect¬ 
ing arch, but between this and the stili-bottom a hollow space 
is left, Vjiclv is connected.'on one side with* the ani^ular flue., 
round the^skjes of the still by a tube, passing through the still 

itself, on the other side wifh the exit-flue by means of a down-' 
s ‘ • 
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corner. The heating-gases thus "first piss through the annular 
flue round the still, and then undyneath the bottom, without 
subjectfng this to serious overheating, while the tu*be passing 
through the retort still furthej increases the heating-surface. 


CorMensing-Appm'atus. 

.Girard and Delaire {IMnv/s df la Iloin'lk, pp, 8 and lo) 
state that somietimes a still if ^irovided with three condensing- 



Fic. 96 . 


worms,‘.each regulate^! by'^a stc^cock, ar^l.* consecutively 
employed itr the different frafctions. N<jne of the works k'nown 
to me use that kind c*f apparatus, the objer^f of whiclt is not 
very clear, since the separation of the^ fractions neecl not 
comfflenife in the ^vorm 9 ,'l»flt*can taki place >11 the receivers. 
I have nevdr qjDserved^more tlfan one condensing-worm^ but 
very different ktnSs are used. The English woA» mostly 
■ employ cast-ixo» pipes, in letigths of 9 and 6 fti, from 4 to 
; ^ in. wide, and connected by elbow-nieces'(Figs. 96 and 97). 
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The whole is contained in a wrought-iron tank and is supported 
by .strong ii;on stays (not shown in the diagrams). The tank 
being rather nafrow, two worms, belonging to different stills, 
are occasionally placed in it. Fortnerly the elbows were some¬ 
times provided with cleaning-out holes; but these are quite 
unnecessary, if the pipes have sufficient fall and if the tank'at 



• Fig. 97. . 

the.end of the process is kept warm. But it is always advisable 
to put a steam-pipe (a) in the top pipe, so that the worm can be_ 
purified by blowing steifm through it in case af need. Anyhow 
there should be a st^am-pipe (S>) for heating^the water surround¬ 
ing the worm. e 

At some English works the horizontal section of the cooling- 
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‘ c» Fig. 98. t , 

systetn is not, as bene shown, objong^ but square; this entails 
the use of very large water-cistprqs tSj contain^ the, worfh. 

Metal for the Cooling-worms .—Sometimes these jvorms are 
made ortead.. In this case the cast-iron pipe a coming from , 
the stiK (•F'lg. 98) must be corftinued at lea’st'’^ foot below. 

. Jhe level of the cooling-water, ^nd the lead pipe 3 mustjf 
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commence there; otherwise the ‘latter fnight easily be melted 
at the end of the process by the .heat of the vapours in the 
part n6t'cooled by water. We cannot, however, Vecommend 
lead for the cooling-worms fit tar-stills. Afj^rt from its low 
fusing-point, the worms made of it have, much less cooling- 
power than iron worjn.s^ and freguently caus’e repairs by 
settling down. • They are lujwada^s only found at very small 
tar-disfilling works. 

Spilker {Kokcrei und l^A'produkte, p. 43) recommends the 
employment of casf-iron for the cooling-worms, as well as for 
the still-head and the connecting-pipes, because it is much 
less acted upon by the-ammonia present in the vapours than 
wrought-iron. Rjspler {loc. citt) poiijts out that wrought-iron 
worms are, however, not merely cheaper than cast-iron worms, 
but, owing to t^ieir thinner walls, have a much better Ifcat- 
* exchanging' power than those made .of ca.st-iron. They can 
be employed witfiout hesitation^or condensing all the vapours 
■ formed below^28®°. "fheir corrosion ctnly takes place at 
higher temperatures (at the end of the distillation 360° may 
be attained) in conset^ence of the dissociation of ammonium 
chloride'into free NH^ and HCl. This causes a corrosion of 
the top coil, but lower down NH, and HCl again combine to 
NH^Cl which does not act upon the.metal. Cfst-iroi^cooling- 
' worms are much loss, acted upon, and njay go on for years 
without repairs^, but the cast-iron must be of the iJest quality, 
and not'porous. Since east-irop worms always have unsound 
places, it is best to employ AraigBt^ pip*, cast in the vertical 
position, and connected b/ jhort curved piece.s. 

War.nes and ■Davey,(/. Soc. Cheni^Ind., 191Q. xxix,part i) 
also belieift'that the corrosion of fhe ir^in is principally caosed, 
by the.ammifnium chloride, but also by the sulphide, sulpHb- 
, cyanid*, and cyanide (jf ammoniun* 

Englef {Ding^.polyt.J., ctix.) descriljes the foTfowing System, 
of cast-iron refrigeratprs, (sequently used at y»e Baku potroleum- 
refineries (Figs. 99 and 100). Thcie are alwa/s four piRps in a 
horfeonftil plane^joined ’Ijf !i cross-plipe (/?, b^, etc., and six 

such systems .one above anbtHer, altogether ?4 pipes, jvith a 
total lengih of eeft to 300 ft.; tlfe top»pipes hava ^ width of 
8 in., the o"®* 8 iij, and the bottorn ,pip^ 5J in. 

The vapouft enter through a, spread on the cross-piece b, pass 
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across’through four pipes to<the second cross-piece bi, then 
downward to 4. back again through four pipes to b^, and so on 
do\t'n to'tht outlet at by^. 

The majorit/^of German works prefer drawn wrought-iron 
tubes of at least 2 in., better 4 to 6 in., bore, bent in the 



f- 

shape of three-quarters of a circle (Fig. loi) add connected by 
screwed-on flanges. Wkh these there are no .uneven places at 
the joints and no sharp angles as with the cast-iron worms. 
Even better than these tubes are wrought-iran worms each 
made in a single piece, as supplied by some Rhenish ironworks. 



These worms are always r contained ip circular iron tanks 
.provicfcd with a steapi-pipe. \^rought-irop or lead worms 
cool better than thosp made of cast-ifron, .owing to the smaller • 
thickness of metal. Their ilarrowness is a drawback, which is, 
however, of not ^miicfi consequenfce'‘,.wfcere the distilhition is 
Carrie^ on by (he help of a vacuum. The thorough cooling 
taking place in such "narrow wrought-'irorf tubes is all the' 
better for keying up the vacuum.^ 

In Germany the refrigerators are about 7 ft. wide and from * 
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7 to 10 ft. deep, with narrowiy cqiiea worms, making the’length 
of pipe from 200 to 300 ft., according to the size of the stills. 

In -England, according to Warnes (•/. Gas Lighting, 1910, 
p. 132), the diameter of the cooling-pipes varies from 2 to 4 
in.; their total length from ’130 to 300 ft. For a 20-ton 

<■ tar-still the length of the\worm-tube should be’about 130 ft., 
its width 3 in. , 

According to J. Br6nner,*ifl lidb of cooling-pipes, a double 
cylinder can "be employed,;\«ater being run through the ring- 
shaped space rouncJthe inner cylinder. This avoids all danger 
of stopping-up. 

As cement for J:he ’joints the ordinary rust-cement (made of 

• iron borings, sulphur, and sal-ammoniac) can be employed. In 
lieu of this another cement may be used, which is as tight, 
but is more easily removed. It is made by slaking lime *o a 

• powder, whifh is sifted and then kneaded with a little water 
to a stiff dough-Mke putty. This lime-putty is stemmed into the 
joints, hardens in twent/-four hours, and is perfectly tight against 

. -water and oils, either liquid or in the state of vapour; nor does 
heat affect it; only it must not be exposed to direct fire. 
For joining flanges, asbestos packing is no doubt the best 
possible material. • 

, Instead of a condensing-worm, some works employ a double 
cylinder with a currenf .of water in the angular space between 
the cylinders. Such a contrivance is evidently not exposed to 
being stopped-up. 

The condenshig-pipe is slfefitly*ben^ upward where it leaves 
the tank (Fig. 104 zia ); and at fhis* place an upright ^ipe (i) 
is fixed, through.which the permanent gases escape, whilst* the 
liquid products run into the receivers.^ We shali see latey; on 
that the escaping gases* ought not to phss directly into the 
atmospiiere, but first through some purifying-apparatus. 

Sometimes the*bottom eid of the condensmgipipe is fittecj 
with a two-way or tjireeljvay cock, for chaqging the,receivers 
and for conducting the contents? of the stiU, in case of its 
boiling^over, back into.tl^* Ifer vat. •ThSstf aims are, however, 
better attaifled by means cJf Ihe separating-box, shown^below. 
We cannftt reccanftieriti using a tap in this place (aj tjie end of 
the coding wc^m), as it is Joo eksily plugged ’up by^ solidify¬ 
ing naphthalene, etc. 
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Ellison and Davis' (B. P. 13929, of 1886) employ the 
condensing-heat of the vapojirs for heating-up another charge 
of tar. In lieu of an open cooling-tank they employ a still 
placed at a high'fr level with a worm into which the vapours 
from the tar-still are introduced at the top, whilst its bottom 
is connected with an ordinary cooler. < When the distillation 
is finished and the pitch run off, tlje heated tar from the upper 
still is run into the lower tar-still and is distilled there as 
usual. The vapours escaping frohi* the top still are of course 
condensed. , 

A similar plan has been patented by Max Bohm & Co- 
(Ger. P. 60747). We shall meet with the sam'e principle in 
various patents to be .mentioned later op. Groling and 
Estlander (Ger. P. 98928) describe a special kind of heating-up 
apparatus, serving as dephlegmator for the gases from the still 
Rispler {loc. cit) states that in a factory workmg with stills 0: 
a capacity of 32 tons a pre-heatgr'was employed, filled with tar 
and containing the tooling-worms of two kills, w-hereby the 
charge of a still (=32 tons) was heated up, and the water and 
light oil distilled off, so that the tar cdming out of the pre^ 
heater was free from water and light oil, and required onlj 
5 per cent, coal for distilling it down t& pitch, against pel 
cent, reejuired lor raw’ tap. Part of this saving of fuel i: 
certainly compensated by the greater' coSt of plant for thii 
system, and several other drawbacks also occurred. Risplei 
therefore constructed a ,preheatprj which has done satisfactorj 
work on the large scale. .Eif. i02s,howsjt in vertical section 
and Eigi ‘103 seen from 'above. Above the worm there is ! 
perforated pipp of the same shape. ‘ Ui the cover of the pre 
heater there‘are* fixed t'wo short pipes, one ^ for th'e alembii 
cohducting the vapours to a cooler, the othe^ for a safety-valvi 
with lateral blpjt'ing-off pipe. ^All the ,blowing-off' pipe; 
ef the'factory are con/iected with pi commen pipe, leadinj 
to a vecsei plactylr in the open ttir. rAt the bottom 0 
the prp-heater there js a pipe-neck, ending about an incl 
above the bottom,'’covered' with an iron bell-ja^ and cdtineftei 
by a .pipe with the reservofr for pre-heated ’tp. Thi 
bell-jar prevents the vR^ourf formed in the {)re-heate,r fron 
escaping .with, tKe warm tar. Dnsing the working of the pre 
heater, the vapours fcoming from the tar-stills travel, througl 
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the worm which is covered by tar*flowin^ out of the perforations 
of the pipe above, thus effecting a^ood exchange of heat and 
a quiet evaporation. The heated and partly distllleQ taf at 

Fig. 102, 




Fjg. ioj. 


once rung away a^ the^ bottom, so^that iio considerable pressure 
can oesur in the case of an accidept, and there js flo* increased 
■danger of fire.* The distillafc^om the pre-heatei is condensed 
in a special cooler. 
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Receivirs .—In orderto separate the different products, there 
must be a corresponding nuinber of receivers, and the products 
running Oubof a (Fig. 90) must be run at discretion into any of 
these. Many co'^jtrivances may evidently serve for changing 
the receivers; but some points must be always observed. Thus 
the receivers for the first products' should be tightly closed, 
to avoid both loss and danger of fire. Furthe.'more, the first 
receiver must be provided with some contrivance for easily 
separating the oily and watery portions. The receivers for 
carbolic oil and those for heavy oils should oe easily accessible, 
in order to remove the crystalline masses always separating in 
them. Above all, it is imperative to take every possible pre¬ 
caution against fire. If the receivers are placed near the tar- 
stills, they must be separated from them by a solid wall. Any 
tar '.vhich might by accident boil over and .run .out of the 
receivers must under no circumstances be allowed, t'o get near 
the still-fires or any other fireplaces. At some places the 
receivers are only just large enough to hold the product of one 
operation. This has the advantage that the manager can judge 
of the still-work by the depth of the liquar in the receivers; but 
then there must be another and larger set of store-tanks for 
every fraction. Hence the receivers are frequently at the outset 
so constructed 'as to contain a large quantity of products, 
in which case they,, are placed at soniie-distance from the 
stills, and serve for a number 0/ these at the .same time. 

Instead of dwelling u^on the, various ways in which receivers 
can be arranged, we prefer describing a special arrangement 
found at some of the largest works, glid fulfilling the conditions 
of cleanliness, convenience, and safety. „The distillates of every 
,]stilU'un from^the'swan-ijpck fipe a {F^. 104) into tho glass jar 
c, ill which the process can.be well observed. *■ A j^.with* 
hydrometer can be placed in.it; samples pay be taken fwm it ;■ 
the rate of distillation ^s easily otserved; thp appeUrance of 
the productsi is notf(j, etc. When the oil? become too hot, the 
glass jar can beVeplaced by.an iron funnel. The glass jar c is 
closed by a sheefcirbn coter, with* ai,hoJe for the pa&age* of 
the pipe a. Thif is fixed into ah elbow ^ipe, lyhich conveys 
the liquidiiiito the t\gh\:'separtttmg-box, e. T6 Kiis are attached 
as many taps, (y/) as there’are (lifferent fractfops to collect. 
These are simple 2-in. gas-taps, made of cast-ironbrass c^n* 
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not be employed, on account of’the aifimoniacal liquor. The 
taps for creosote oil and anthracei;p oil may be larger, say 3-ir>. 
or 4-in. bore. The taps f f (in our diagram there ar 5 sixjare 
connected by flanges with the pipes g g, wl)Jch form vertical 
branches of the main pipes & h. The latter are laid in a 

A * 



• Fig. 104. 


bficked pit running along the whole sqt of slills, so that the 
prb'Hucis from alj the stflif ^ass into'these* pi^es, which convey 
them ultimately into^the storl-tanks for each fraction. Care 
;must b,e taken Aat the pipes h hav^ sufficient fi)i, and that 
the later distiltetes are not.tpo much cooled in ^he/n, which 
would be -sure to stop them up wjth naphthalene, etc. Such 
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cooling is partly prevented 4 )y covering the pit over with 
planks; but it is safer to put steam-pipes into the pipes con¬ 
veying the 'later distillates. A special tap in the bottom of 
the collecting-bljix e permits sapiples to be taken and the 
contents to be run off at will. It is also possible to adapt this 
box to a continuous separation of the .ammoniacal liquor; but 
this is an unnecessary complication, and it is imore advisable 
to let this separation take place in the receivers. One 'of the 
taps must be connected with a *p(ipe leading back into the 
tar-pits, or into a special small tank, to receive the tar when 
the still is boiling over. 

A similar arrangement is shown by Engler (fsc. and is 



Fig. 105. 

represented in Fig. 1G$. The oik'and wat?r run through a into' 
the cylmder A, where .-they separate. The water runs off 
through b ; the gases escape through the dl runs through d 
r into ‘ the “laisterh" B, w;here 'ihe glas"; pane permits* observing 
it^* colour, etc. From this point the oils are carried on through 
thb taps I to 5 to the different receivers ;„thp last, and heaviest, 
fOils do not pass through the lantern, but straight into No. ^ 
through the tap , This apparatus, whif.h is used in, refining 
petroleum, would require some modifications if it were to serve 
for dikilling coabtar. 

The receivers.ov store-tanns tor ttie various tractions may oe 
of any sh?-pe—square, lylindrfcal, etc, I'hey ate always made 
of^vrougjit-irpn, and should fee very well riveteiH »nd caulked; 
otherwise, especially if placed <on the ground or duen und^- 
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ground, great losses by leakage •may oecur before any tiling is 
noticed, which may even seriously contaminate neighbouring 
wells and watercourses. Even a previous testing*with w 4 ter 
will only reveal coarser leaks^since tar-oils penetrate much more 
easily through the joints than water. Hence the store-tanks must 
be closely observed foj stome time ;• if they art sunk in the 
ground there njust be a free space left all round them for some 
days 'after they have been first faken into use, so that any 
leaks may be'detected and popped before the earth is filled in. 
The bottom of the* vessels ought always to be formed of one 
piece. Of course fhe needful precautions against corrosion by 
rusting must be tjkeri. 

Light oils are best kept in closed cylinders, heavy oils in 
open tanks, from which the solid naphthalene or anthracene 
crystallizing out^ can be .easily removed. * 

At some .works, steam boiler-shaped cylinders (either hori¬ 
zontal or upriglA), which carr be also used for forcing-up the 
oils by compressed air {montejus), are preferied as receivers, or at 
least as store-tanks. Instead of pumping the liquids by means 
of ordinary pumps, which is very inconvenient in the case of 
tar-oils,towing to the impossibility of employing fatty or india- 
rubber packings, they are now usually pumped by air-pressure, 
compressed air being conveyed from an air-pfimp or^blowing- 
engine to every oik .of the receivers. T^is air presses on the 
surface of the oil and forces the liquids through ascending pipes, 
which reach down to the»bottom of the vessel, and are provided 
with stopcocks, to any suitible heigflt •or place. Henbe the 
moving parts of the macl^incry'are jiowhere in cont^ict with 
the oils. , ^ 

Exfiosims by the employment df airjiressurf fon moving, tdr\ 
oils hfive bedh ,(?bserved*by Kloi^e {them. Zeit., 1905, p. 7^). 
This happened in kvijral cases where hot oi^s^serving for tire 
extractioit of benzol from ioke-oven ^ases, wSfe repeatedly, 
moved about under,a pressure of from^2,.to 4 atraospheres. 
The cause of this seems to be! the gradual formation of 
sulfhurfts of Iron, whish^^' inflame already at a temperature 
of 120° or- This h 4 s taused many fajfories to abstain 

from thrf use «f* air-pressure f«r that purpose. «• Jf the air 
contains at Jeifct 12 or 13,per tent. CO,, (say,,in tjie shape 
of cold cqiftbustion gases), lio such danger would exist 
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Specially constructed reciivers for stills working under a 
vacuum, and for the/rVfA, .where it is run off in a very hot ■' 

stale, wfll Be described lower down. 

<• 

t ' 

Treatmett of the Gases escapin^% from the Condensers. 

We have already mentioned tjie permanent'gases formed in 
the distilling process. They are partly combustible; blit'it will 
hardly ever pay to utilize them as luel, especially as that would 
entail considerable danger of fire. Even when they are much 
cooled, these gases at first carry away some of the most volatile • 
of the tar-oils mechanically. Moreover, they contain sulphur¬ 
etted hydrogen, ammonium sulphide, carbon disulphide, perhaps 
carbon oxysulphide, and other noxious gases, which may at 
tirrfes give rise to complaints of nuisance. Detailed observa¬ 
tions on this subject jire described in the Alkali Inspectors 
Report for 1897, p. 35. So long as the distillate contains water, 
there is but little HjC in the gases, the smeK of .CSj and of NHj 
predominating. When the water ceases to appear, the smell of 
HjS increases, and later on the gases have much heating-power. 
Towards the end of the process vapours of a very offensive and 
irritating kind are evolved, which are not completely condensed. 
Hence it will Sometimes (je necessary to subject the gases to a 
purifying process, (fin apparatus for this purpose, substantially 
as employed at a large London tar-works, is shown in Figs. 106 
and 107. The gas-pipes of all j:he coOling-worms are connected 
with a main pipe, which ultimate^ descei]ds at a and enters the 
box b, Ci- “ This is divided into two pirts by a partition, d, which • 
does not reaph quite to the bottorh., The jompartroent.i is' 
empty, with •the "exception of a little ^ater at the Ubttom, which ‘ 
is"kept level with the lower edge of the partition d by means of 
the over-flow pijje «. The compartment c is filled with toke or 
, some other material presenting a^large surface, and'constantly ■, 
moistened with w^tqr by means of tke perforated cross-pipe f. 
This compartment serves as a scrubber: the gas is washed by- 
the water; and St fhe sdme time*^ the' oily ps^rts a.re condehsed 
owing to the speed of the gases''slackening, to the friction upon; 
the surfaee’of the coke,'' hnd tSie rinsing action V the water. It 
.seems preferfible to assist the division of the gas into many jets ' 
by nicking out the lower edge of the partition, af, as shown ip. 
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Fig. 167. In most casts the gas will be allowed to escape by 
means of a pipe put on the top of c, either into the open air or 
into a cliirarney; only provision must be made for preventing 
the water in d ffpm rising quite \ip to the partition d, so that ’ 
the gas can pass through. But where it is desirable to prove 
to outsiders "that no precaution agamst nuisance has been 
neglected, a further purifying-apparatus is added, say an oxide- 
of-iron purifier (f k), from which the gas escapes at I- into a 
chimney-flue. This purifier is exhctly like those used at the 
gas-works, but on a much smaller scale. If the washing in c is 
to be made especially efficient, the gas is forced right through 
the water by means of an injector (^), which takes it through 

/i to i The liquid 
hydrocarbons are all 
, retained .in the vessel 
^ 6 c; tha sulphuretted ' 
■po hydrogen is absorbed 
inthcTJurifierf^; and 
the la.st remnant of 
0 the smelling gases is 
made innoduous in 
• the hot fire-flue into 
which they pasa 
", '■ Another arrange, 
raent for avoiding all nui.sance by the use of a vacuum, as 
devised by Mr S. B. Boulton, will be‘described later on, when 
treating of the vacuum process. Ir _ ^ 

Acoovding to the Alhali'Repertj^, 1893, P- 20, the gases can 
be aspirated from the qnd of the worpi by an injector or fan- 
blart, and pnssdd throi^h a* water-lute into a fireplucej or else 
uftderneath a grating placeiin a brick-pit, oxidi of irc^. being 
put on top of the grate. '’•i f " 

: Artother plan is : b,lowing the* gases into ,.a brick-lined pit, 

covered by a gratipg on which a layi;r of Jerric oxide is placed, 
which j's easily turned over'drom time to time. A light, open, 
wooden shed prdtec'ts it from the tai^.'- <■ ^ 

In case the„ stills are worked with a vacuum; the gases 
issuing at'uthe end are made to pass thrdugh a column fed 
with tai;-oi] f/or retaining oily^njatters), and through sulphur^ 
etted hydrogen purifiers before escaping into the atmosphere,' 



Fig. 107. 







noxious'VAPOURS FROM T.^R-DISTILLATION m 

If (as happens sometimes) ons set of tondensers acts for two 
or three stills, there is a possibility of noxious gases getting 
from this condenser into an empty still which min 5 re busy 
cleaning. They might be suffocated thereby, jnd that arrange¬ 
ment must be therefore altogether condemned. 

Rambousek, in the. n^th voluipe of the ^.citschrift fiir 
Gewerbe-Hygiene, published ty; Vienna, reports on the injurious 
action 6f those gases on the respiratory organs, and on the “ tar- 
and paraffin-itch ” or “ acne • caused by the action of the tar. 

A very important paper on the noxious vapours from tar- 
distillation is that of Craven and Coleman.^ We quote the most 
salient points bf »t. Of the various gases escaping at the end 
of the condensir;g plant, the sulphuretted hydrogen is that 
which is most easily subjected to accurate estimation, and it is 
probably also tha most iraportant in the question of “ nuisaifbe.”' 
It appears a’t<wo periods; in the beginning, where from 5 to 
10 grains HjS pet- cubic foot is present, and again from the com¬ 
mencement of yie Kght-oil stage up to the end; during this 
time its proportion regularly increases, beginning with 10 and 
ending with 112 grains'per cubic foot. The most usual way of 
dealing with it (where this is attempted at all) is to draw it 
through a water-seal ahd then pass it underneath a fire, e.g. 
tlie steam-boiler fire. Even if all I^S is burn? here ^which ite 
frequently not the cAse), it is converted into another noxious 
gas, viz., SOji this may injure the boiler plates, ancf sometimes 
explosions have occurred* from J;his cayse, when the action of 
the aspirator was di^urbed 'ft soyne; way* and the fire ffashed 
back through the water-se^l. This mrthod, therefore,*ciiught to 
be entirply abandoned.. Another, much practisjd, method is 
the applic#ti 9 n of absorl^ng mer^a ii» “dry purffiers” {fide 
supra, p.432). When employed in>the ordinary manner, dratv- 
backs ate caused injthi* proctjps prirttipally by,the^action of the 
carbon disulphide^ The autitors theref(jre attempted to" solve 
the task by the employment of “ wet purifi®'*'’ They^orce the 
gas by means of an air-pump ^which they prefer to an exhauster 
as being •more ref(^ble) tfii^u^h an ablorber, efiarged with milk 
of lime and Sulphate ofjron, an(? therefore containing hydrated 
oxide of iron, arftl after distilling ^a bafCh of 40^toils»tar, they 
purapair threw^ the absorbK,during an hour, whifh.is quite 
/, Soc. Ckem. Ind,, p. 260. 
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sufficient for revivifying the tbsorbing agent. Of course this' 
becomes gradually inactive, l;iut experience had shown that i cwt. 
of lime‘and 2 cwt. of sulphate of iron in 200 to 300'gall, of 
water suffice for‘,about 400 tons Q,f tar. The gas is.suing from 
the absorber has a slight odour, caused by hydrocarbons, which 
might be dealt with by a second abSorfcer, charged with heavy 
tar-oil. For a complete plant thpy propose toisend the gases 
first to a coke scrubber, where a very small stream of water 
would absorb the ammonia, then‘through an absorber fed with 
high-boiling tar-oil, where carbon disulphicfe and hydrocarbons 
would be retained, then through an absorber containing a 
mixture of water, sulphate of iron and lime, and "at last through 
another absorber, contaijiing the same mixture, or else milk . 
of lime only. The pump, of cour.se, is placed at the end of the 
wh8Ie set. Sometimes free sulphur if deposit^id in front of the 
coke scrubber, which cap be dealt with before this 'gases reach ' 
the scrubber. , * ‘ 

When this papei*was published, there haffl ngt been sufficient 
experience gained to declare tjie process as absolutely successful 
in all respects, but it seems the best as j et proposed. 

Working of the Tar,.stills .' 

The .stills afe charged .with fresh tar while they are still hot 
from the last operation, but not, so hot That they might suffer 
damage frdln the cold tar—that is, a few hours ^fter running off 
the pitch. The tar is ^ither pijmped'in directly or run in from 
a higfier tank previoflsly filfed. ih .both .cases the bore of the 
feed-pip6 is wide enough for the charging not to take too much 
time, say 6 in,; The air escapes not bijly through the condens- 
ing'worm, lAit also by^an a'ir-cock or by the ovCffiow-cock, s, 
FTg. 90, p. 411. The latten also makes an^’oAer gauging of 
fhe contents of fhe still unnecessary. jWll^n it is absent, the 
level of the tar must ascertained ^by a flo^t, or by a gauge- 
rod intrSduced into, a hole, afterwards ckised by a screw.plug. 
The stills may lie filled up ‘to the point where the cylindrical 
part merges info, the d'ome-shapeQ,‘portioq,' Watsen Shiith: 
states the permissible level at^ fo 12 in. below„tte manhole— 
with thuflars. 18 fn. bfelow tSie same. This' ill not a sufficient 

• # V ' O ''. 

indication, as the manhole is ,tiet always plaeecj at the same 
height. We may better .state the case thus: fhit the spacej 
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between the overflow-cock and ^he stfll-top should be 24 to 
30 in., and in semi-globular domes 36 in. ^ 

• All the openings are now closed and the firiijg is commenced. 
The heating-up may even be* begun when th® stilf is only half 
filled, as the level of the tar is then above the flyes; although 
the air-cock or overflow-eoc^c is then .open, no loss is incurred, 
because the herfting-up of the^vge isulk of tar takes much time, 
and tfie new,tar running in causes a constant cooling. Care 
must be taken to qpe that^fie worm is not choked up, which 
sometimes happen!^ in the following way : after the close of 
the previous operation the distillation slowly continues, whilst 
the water in thb cflndensing-cistern cools down, so that “ green 
grease” accumulates in the worm; this can usually be cleared 
out by blowing steam through the worm. At some works jthe 
state of the worm is tested by running a little water through 
it before comihencing the work. As soon as the charge is all 
in the still and ttie openings aie clo.sed, the fire is increased; 
and this is continiftd up to the point at w^ich the distillation 
is about to commence. This wll occupy more or less time, 
according to the size df the still and the season; with small 
stills (5-ton charge) it requires about two hours, with large ones 
(20- to 25-ton charge) it*takes five hours in suijmer, six hours 
in winter. One or’two hours after the commencement 43f firing, 
the tar begins to ris 5 and froth; and now •the greater part of 
the ammoniacaJ liquor can be run off by the overflow-cocki 
After this the firipg must*tak^pJac| somewhat more cautipusly, 
to avoid sudden boiiing-ovcrt wl^ch. might otherwise happen 
with the violence of dfl explosion. From this time uf to the 
beginiTing of the‘distillation the firentan shoiQd^'be always ia 
his plac6 and^qju 4 watch the worm. A* saon as tl?e first dr*ojps 
appear at the end qf the refrigerator, he must open the fire-docjf 
and slacken the fi»e;*for new the* danger bailing-oper is 

geeatest. \vith proper management of Sie still this need never 
ocefir (excepting the ^ase bf tars yontaiaiti/ tpS mucK water, 
which ou^ht to be previously removed, es, sl^own on pp. 384 
et seq., of too.muoh free*c^T3qn,^see lower down); but if it does 
take placq it is liyle ^se opening the ,fire-dodr, letjing ‘down 
the dahiper, etc.^^ecause the mass pf heat stored up m the tar, 
the'iron, and* flie brickwork* is too great; eveif eoilipletely 
.^rawing qilt the fire ^whic^h can pnly be done where the still 
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is quite isolated) doe^ not att instantaneously. But it does 
good to pour cold water pn to the still-top; and the same 
means muJt be resorted to whenever for any reason the 
distillation 'has to be stopped aa quickly as possible. When 
working with properly dehydrated tar, none of these 
precautions will be needed, and* much time is saved as , 
well. , . €■ 

The following are signs that the distillation is’ ‘ about 
to begin;—Vapours issue frorti^’ the end of the cooling- 
pipe, often in puffs, and gradually drqps are condensed 
from them. The still-head gets w^rm, and the worm 
also where it is not yet covered by the' cooling-water. 
Now in any case the fise must be slackened, for the distilla¬ 
tion will commence directly. This is still more necessary as 
soon as a continuous jet of liquid 'comes O'jt of the worm ; 
it is then time to open the fire-door, or, wha^ is better, to ' 
let down the damper. If at.Ais s^age there is any excess 
of heating, the ebullition takes place with ■Solent bumping and 
frothing-up, and in the worst case the mass suddenly swells 
up and boils over. ' 

The tendency to eruptive ebullition was formerly attributed 
entirely to the voater contained in thb tar, and was believed 
to be all the greater the ni'Jre water is present. It has already 
been mentioned hrw the quantity of rwSter, and with it the 
bumping a^id frothing, can be diminished. 

Kohler (Z. angew, Chem.f 1888“ p, 677) states that the 
boiling-over of tar-stills is,in,the'majdrityrof cases caused by an' 
exfessiVe percentage oVfree tarfow; which causes the vesicles of 
gas and yappuf to adhere to the cai'bon particles, and thus 
grAtly sweBs the vplune of the tar.. Whilst, tar/wflh 12 or 15 
ger cent free carbon, even when containing much water, distil 
quite normE^Jiy., other tars' contajtiing to to 28 per cCnt. free 
carbon show a strongr tendency f'o Jjoil oven Kraemer (prjv. 
comm.) *fentirdly fcbjqcts to this opinion; tar rich in carbon 
retains the water nqore pertfnacioijsly, and is separated from it 
less easily. The' presence of ^ases • absolved in ^ the Har "^Iso 
increases that tendency. 

The fbllowing proposals Save been made fdr preveq^ing the 
boiling-over"of tar-stills. Luhmann places beSow the top pipe 
a lentigular wrought-jronivessel (Fig. 108), provi'ded with an 
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PREVENTING THE BOEING OVER 

outlet-pipe carried outward, lnd.a pipei connecting its top with 
a water-reservoir. When the attendant notices a swelling-up 
of the'tar, he should open the water-tap; the top^pafft ofvthe 
still is thereby cooled, and tjje con¬ 
densing liquid, raining down upon 
the boiling tar, breaks qp the froth. 

Later on Schfoeder patented the 
same’ arrangement (Ger. P. 7S36<5).. 

H. Kropff (Ger. P. 55933) Jremoves 
the froth by blowing cold air on to 
the surface of the fioiling liquid. 

Other arrangements for breaking up the froth of liquids 
boiling in a vacuum are described by C. Heckmann (Ger. Ps. 
51701 and 70022) and P. Neubacker (Ger. P. 110972). 

Le Clercq’s J^atent Cesellschaft zur Fabrikation von "Seer- 
und Dachpappen-Maschinen (Ger. P. ij56723) describe a system 
claimed to be s^e against fires and boiling over. A system of 
heating-coils, ^clewed tank, anJ a pump M-e connected in such 
manner that only the contents of the coil can get into direct 
contact with the fireplace, thus enabling the heating of the 
tar, without danger of fire, to much higher temperatures than 
is otherwise possible. • 

Ostreijka {Ncifta, 1908) treats tar containing water, and 
therefore inclined 40 , •boiling over, witl^ superheated steam; 
gradually going up to the melting-point of tin (228^). 

A. Spilker {Kokerei, Me., p. ^3) states that all those attempts 
at preventing the tjpiling, o<er oP tar'are very unsatisfectory. 
It is decidedly preferable*!^ dehydrate the tar in special stills 
as much as possible, an^ only then to, submit^it to distillation. 
This protfeciiing gives the best fesul^s, and fs usually applitc^ 
in wellfCondiftte^ factories. , * • 

During the first period,of \ihG,d\s\\\\?A\on^ermanent gases, 
water (cofltaining amfnoniuifi compounds), and tfifi most*volatile 
ta*-oils are given off.whicji always carry alyig joijie^)! the less 
volatile constituents, partly in consfequen 5 e of ttie vapour-tension 
of*the Jhtter, pVtly natq)iafiically. 1AII tRU»time the cooling- 
tank must ^e,we*ll sufj^lied tviA cold water, both for condensing 
the tar- 3 ils and’because the candensatioa of thp^team and 
ammonia libjerltes much h^t i-in. watei'-pjpe and 15-ft. 
head of w#fter will supply a cooling-tank far a 20-tph still. 
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Fractions .—At British tar-wor^s usually the first fraction is 
that portion of the oils which comes over along with water; 
so that the first receiver contains both ammoniacal liquor and 
tar-oils. The latter are called f^rst runnings, first light oils, 
crude naphtha, etc. Water will form a greater or smaller 
proportion of the distillate, accordi/ig ^o whether it has been 
previously removed or not; this ^oroportion is iiscertained by 
catching some of the distiflate'in a glass cylinder, in'which 
naphtha and water separate at on«d, the former floating on top 
of the water. At first much water and little oil comes, then 
less water and more oil; occasionally the time when the water 
ceases to come over can be .somewhat acoura'tely fixed for 
changing the receiver. Bqt it is safer to wait till the distillation 
slackens. This is called the “ break,” and is probably caused 
by tfie fact that the aqueous vapour carries along, a quantity 
of oils of much higher,boiling-point than that ef water; so 
that, after all, the water is repibved first. The temperature 
has to rise a good deal before the liquid bagin^, to boil anew. 
At this stage, often for two hours, hardly anything comes over 
but a little water; and, from the peculiar noise made by the 
steam within the still, this period is sometimes called the 
“rattles.” The cause of the rattles i 9 the falling-back into 
the contents of* the still of the last portions of water which 
had been vaporized ,and had been condensed before getting 
into the warm. When coming in contact ,with the tar, 
now heated considerably over .loo”, it is instantaneously re- 
vaporiied with a sorae^rhat _eiplosK'e.force,;ind 'thus the rattling 
or crafklrng sound is pjoduced. file same phenomenon is 
often observecj, v^hen distilling, in 'tlje laboratory, qaphtha 
containing trtces'of moigturel The rattling noise'Ceises whe« 
the'cemperature has risen high enough; and^tke (distillate.tljei) 
cotnes over in a (l^ick, quiet streamj^ It isincjsv mostly coKected 
in another receiver as “ Jight oil ” ot “ second light oils!” 

The c»asinghof ijhjf appearance of water is not by .itself a 
sufficieqt signal 'for ctangir^ the receiver; for sometimes a 
little water comes'off along with the ii^ht oil, ^'nd even,‘At flT'st 
with tile heavy pil, owing to tMe hydration wafer of phenol 
Hence othd* signals nWst the smelf, the specific^ gjfavity, 
and the quantity of the distitete, pr else the ineiications of the 
thermometer. The smell, which of course cannot bfc* very well 
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defined, generally indicates to*tha attendant quite clearly when 
he must change the receiver for light oil: the first runnings 
smell rtuch more pungently than the light oil; and'thS traftsi- 
tion is pretty sharp. The spgcific gravity increase? slowly, and 
does not in this case give a very distinct guidance. 

Of course the specify gravities oi the various‘oils mu.st not 
be compared aUdifferent tem^ratures, but must be reduced to 
the ordinary temperature, e.g., by placing the hydrometer vessel 
(which for factory purposeslie best a lead cylinder, not a glass 
jar) into a bucket filled with cold water, until the temperature 
has gone down to 20'’C., which in the warm season takes some 
time. To save; this, Peterson-Kinberg gives the following table, 
showing the specific gravities at variojis degrees C.:— 


b0“ 
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• 

60 " 

• 
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40 * 
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» 

... 
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105 

I *06 

0*99 
1*019 
• i '035 

I *06 
1-07 

I >00 

I‘029 

1-045 

1-07 

l‘08 


For reducing the specific gravity of any tar-oil to the normal 
temperature. Church ^/. Ind. Eng. Ghent., p. 232) 

employs the factor 0-oc»8, by whiuh the number of‘degrees 
above the normal terap’eratur* is to be mvrttiplied, the product 
being added to the specific gravity found at higher tempera¬ 
tures. Cf. also l^ter on 'the j-aducing-table of Shipley, ^iven 
for pickling-oils. • • • • 

If the fractions are to I* made aedbrding to the intficfttipns 
of th^ thermometer fixtcT in the ^tilf (p. 417},-it is usual to. 
change at the ipllawing pants;— • , * *^ 

p • 

I. F|rst runnings, tip to 105 or no C, 2. Light oil, up to 2io» 

3. Carbolic oil (foi^phdhol aninaphthalene), up to%4ci, ^ 

4. Creosote oil, HP to 270°.^ • y. Anthracene oil, above 270°. 

These points are, 8f cotfrse, not,alwa)is‘tlfc^imS, partly be¬ 
cause thj;thermometers jJo^nf>t reach jlovrn jsxfictly to the same 
depth. ThejGeraian tar-^orjcs^ostly do no! separately collect 
“first runoings;’’b\jt mike the fractions jn the fhllowjpg vfay;— 

,1. Lfght oils, ito to 165'or 170°. • * 

*. Middleofls (for carbolic acH *nd naphthalene), up t(f2jo°.* 

3. Creqsite oil, up to 270“. , 4. Anthracene oil, above 270°. 
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Girard and Delaije {loc.iciL, p. lo) quote the following 
fractions;— 

1. Huiles 16 gJ;res, from 30° to 140°, sp. gr. 0-780 to 0-850 

2. Huiles'moystines, „ 150° •„ 210°, „ 0-830 „ 0-890 

3. Huiles lourdes, „ 220° „ 350°, „ 0-920 „ 0-930 

(The specific gravities are evidently wrong,^ and, no doubt, 
again prove an unaccountable coilfusion with parafifin oils.) 

The following special observqtjons have beeii made by H. 
Kohler with a 15-ton still, worked in a‘regular way up to 
medium-hard pitch, with a vacuum. The specific gravities were 
taken at 15° C. for the lighter fractions,‘at 30” C. from carbolic 
oil upwards. The tar distilled weighed 15,ocx> kgs. 
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FRACTIONAL DISTII4.^TION 443 * 

In the case of tars of known quality, the time and the 
quantity of the distillate are among the most important signals 
for changing the receivers. The former vafies of coiAse iffith 
the size and even with the ^hape of the stilj, it» setting, etc. 
We shall make some statements regarding this subject and the 
quantity of the different Inactions at the end of this chapter. 
The quantity *f the distillatg can only serve as a guide where 
every'Still has its own receivers* which is rarely the case at large 
works. t • 

Attempts have "been made to greatly increase the number 
of fractions at the'first distillation of coal-tar, with the view of 
better isolating the products therefrom. All such attempts have 
hitherto failed, agd probably will continue to do so in future. _ 
In no case are pure products obtained, and hardly any of the 
subsequent jectijications.are saved ; so that the whole is b*it a 
superfluous' oomplication of the proce^ss. This is founded on 
i/te nature of frkctmial distilhition, which has been cleared up 
by a number o^res«arches.^ • 

The various components of a mixture do not distil simply in 
the order of their boiling-points, not even taking into account 
the vapour-tension of the substances not yet arrived at their 
boiling-point; but theip vapour-density must also be taken into 
account. According to Dossios and Wanklyn»the quantity of 
each component distil^iflg at ascertain temperature is found by 
multiplying itj vapour-tension at the boiling-pcint of the 
mixture by its vapour-density, or, what comes to the same 
thing, its molecular jreighg pfThu? mcftiylic alcohol (mdlecular 
weight = 32) boils at de^Tgethylfc iodide (molecular.p'ejght = 
142) aty2°; but.fiom ^mixture of tl;e two, tiyore of the Idtter 
distils «vdl-. •A mixture of 91 parts cajjbon diSulpbide (boiJin|? 
point.4l'°)an{f9 parts alcohol (boiling-poinl 78°) boils constantly 
at 43'’* to 44°, ant^ during distillation retainp.its composition. 
'Hence th? liquid.possessing the highest ^apour-t*ehsion does no^. 
lietessatily distil moat rapidly ; for what its/;ofnpaiii*ns lack in 
tension they may make up in vaptJur-density. ■ If the tension is 
called 4 ,* the vapour-de'Mty d, we have *fal* different liquids 

- ‘ Dossios, ^ Chem., 1867- p. W^nklyn, Mag, (4), 
xW., p.»i29! Glalkan, ibid., p. 273;^aumann (c/. bflosf)' Thor^,/. 
Ch'cm. Soc., 1879,ixxv., p. 544 ! K* P- Brown, ibid., p. 5474 1884, xxxix., p. 
304 j KonoiAow Ber., 1881, pp. 2124 and,2678, etc. 
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x=kid, in which formula k is f. co'nstant to be found by experi¬ 
ment in every single case. If the vapour-densities and tensions 
are'inveisely proportional to each other, and the values of k are 
equal, the products kjji^ will all be the same; i.e., the mixture 
will remain unchanged throughout the distillation. For this 
reason homologous serips {i.e., those(wh,ose members differ from 
each other by CH^) are not easily separated b) fractionating; 
for whilst the vapour tension'is lowered by each CHj, the 
'vapour-density rises. This explaiifs why so many substances 
distil more quickly in a current of steam; “for aqueous vapour 
is one of the lightest bodies. By diminishing the pressure the 
difference between the vapour-tensions of different liquids is 
increased, whilst their vapour-densities rernain the same;' 
hence, according to some, they are more easily separated, as is 
proved by the success of exhaustion, in gas-making and tar¬ 
distilling (see below). I)ut to this it has been objected that the 
lowering of the boiling-points, caused by producing a more, or 
less complete vacuum, does not in reality facilit,ate the separa¬ 
tion of the various fractions, the differences in their boiling- 
points remaining practically unaltered. ■ 

A mixture of two liquids which are not mutually soluble, on 
distillation, exhibits a boiling-point below that of the more 
volatile substartce. A mixture of carbon disulphide (boiling- 
point 47°) and wat^ boils at 43°, etc.'.THiis observation has 
been generalized by Naumann,^ who found that the boiling- 
point of such a mixture is coristantly below that of the most 
volatile component—and alSb that"the proportion of substances 
iso.lway,s'the same, viz., equaf to thg' proportion of the vapour, 
tensions of the two components, measniied at the temperature of 
boiling, multiplidd by tl^eir rnolecular^ weight.^ TITis'beiiaviour 
is v-f importance in' tar-distilling also, whgre water boils in 
presence of oils pot miscible with it. Thus, although*at 98° 
the vapour-tension of n/fphthalene'ls only 20 mm., that of water ' 
712 mm.,yefeattha,t temperature 49-1; g. of>water pass over Witte 
8'9 g. eff naphthalene. ^ ■ . 

It is hardly ndoessary to mention'ciVat the ^{ffereut^tactions 
are nof divided hy any sharp linfes,’and t^at at different workj, 
they are tiken differently, tin some places' rto distinction is 

, j Winkelmann, Poggend. , 4 etnal., N.F., 1 ., p. 43a 
* ,Ber., 1877, p. 1421 j ig 79 i PP- MJ 4 . 2099. ' ‘ 

< < . 4 , 



FIRST FSACTIC^ 44l5 • 

made between first runnings Aid light oils, but all the distillate 
having a specific gravity below i-O is taken as crude naphtha, 
The subsequent treatment must be adapted to this.* 

• 

First Fraction. 

In any case first rutTni^gs and (aqueous) ammoniacal liquor 
come .together *the former flofiting cn the latter. The latter is 
worked up like any other smilar liquor, as will be described in 
the second part of liiis book. * The two liquids at once separate 
sharply; the watei^ is either pumped away from below, or is 
continuously carried away by a pipe starting from the bottom 
of the receiver, and turned upward; or else the same object 
is attained by a* partition reaching •newly to the bottom of 
the receiver, or in some otlier way. 

Ligb-t Oil. * 

The secondfracAin (tf the dfstillatc coaling over before the 
carbolic oil is, as usual, ^ivided into two fractions) begins after 
the “break,” when the*iistillation proceeds quite smoothly, in a 
full stream and without any further danger of boiling over. 
The product is no longar a naphtha, but has a more oily nature; 
it is called either “light oil” or |lse “second light^ oil,” or 
“second runnings.”* ^ shall in future uje the first name in 
this restricted sense. This fraction is usually continued up to 
the’ point where its specific gravity is equal to that of water. 
The men run a’ fej' drops«into & cyfinder partly fillefl with 
water; if the oil floats anywhere within the water‘ifi.single 
large^gl.obular djops, it| Specific gravity is =,i-p (the avefage 
specifie»gr8vi1y of the light oil passifig o^er up tdthiapoint rajjgdJ^ 
from O-JIIO tot)-950) and it is now time to change.the receis^ef 
for carbolic oil. * Where the fractions aif • made by the 
thermometer, this point wiil«be about jio°. TfiJs proVfes that^ 
thff light oil must contain a good deal of cajbolip acii (boiling- 
point i8o°) and naphthalene (boilrng-pqint 2T8°); but it must' 
beVemefnbered*l^at in»!lit upper paH of*thS still and in the 
still-head sonje cooling talceA place and th^ vapours,partly 
condense* again;* hence the princiffel Jiart^ e^cially of 
naphthalene, .oily comes o-upf'with the next (factjpn. But 
where cartfolic acid and naphthalene are’principaf considera- 



446 THE FIRSTuDjlSTILLATION OF COAL-TAR 


tions, the fractionation is managed accordingly. This.is the 
object of the method of wprking mentioned on p. 441, where 
the “ middle oil,” passing over between 165° or 170° and 230° 
will comprise nejirly all the phenol and naphthalene, especially 
if the bulb of the thermometer is not, placed in the tar, but in 
the liquid. I'c is not possible to give any general prescriptions 
for this purpose ; the temperatures in the distillation of coal-tar 
depend too much on the shape and size of the tar-stills,’on the 
way they are set and on the rats at which they are driven. 
Large-sized stills, as shown by experience, work much better 
than small stills; hence the same sample of tar may give quite 
different results in different stills. Much more leliable for the 
proper fractionation is thp observation of the.properties of the 
distillates; and quite particularly the secretion of ncfhthakne 
from the cooled-down oils,- its disappearance and especially the 
specific gravities of the, oily distillates furnish the indications 
for separating the fractions. , ' '• 

An ample crystallization of naphthalene; oi\ cooling, c.g., by 
letting a few drops of the distillate fall ,vpon a piece of cold iron, 
is a sign that nearly.all the phenol has passed over, and that it 
is time to change for heavy oil; for the naphthalene is much more 
soluble in phenols than in the indifferent heavy oils, and it will 
therefore remaih mostly in solution in the distillates as long as 
it is accompanied by notable quantities of phenol, but it will 
crystallize out from the oils when those contain but little 
phenols. This rule, however, feesubject to many exceptions. 

Diiring the time the light oil'is .coming over (that is, after 
the “ brq^k ”), the fire is increased w,ithout any danger of,boiling 
ovef, although even now /or the most-p^rt a litSle water a^ears,', 
jprobably owing 'to the ^ydfate of phenol s^littteg'upi Now 
the'cooling-water begins to .get warm; but litfle or ao- fresh 
water is run in ;■ sp that at the end of this, stage the temptrature 
,of the ^ater surroundiijgfthe worni is about 40°. IS the work 
is arranged for.” middle oil” in the abovefinentioned sense, the 
temperature of 'the water must be at least from 50° to 60°. 
Afterwards no frdsh 'watef at all must i'e run ii),;' and sometifhes 
even steam must,be blown into the cooling-tank J3y means of a 
pipe enteiirtg at itS bottom 4 nd pierced with 'numerous hole» 
(A Fig. 9^, p.421): this is neces^y because thi; danger" of the 
worm being choked Op is gj-eatest in the bottom coik Such a, 



44? 


EXPLOSIONS OF TAtsflLLS 

danger sets in even more near thef nd of Jhe process, as wfe shall 
see later on; but it can always be provided against by allowing 
the water to get hot. Some Englisfi tar-distillers haye sot even 
steam-pipes in their refrigerators; but this is advisable in any 
case. 

If the temperature in tl^ refrigerator were kept too low, in 
the later periosj of the light oil-stag'e the naphthalene would 
crystallize and choke up the w*ofm, fhus producing a dangerous 
pressure in tKe still. The effjilosions of tar-stills, rarely as they 
occur, are probably'always caused by neglect in this respect, 
either during the naphthalene- or the anthracene-period.’ On 
the other handjith? wa’ter .should not be allowed to get warm at 
the beginning of the light-oil stage, because then considerable 
quantities of the more volatile hydrocarbons are still coming 
over. This seems to be ajiother reason for continuing the ^•st 
fraction till •bgnzene and all its homologues have passed over, 
and then condensing the “middle oil” by means of warm 
cooling-water. , * , 

Whether the worm is^hoked up, or is not, is best seen at the 
end of the pipe coming qut of the’refrigerator, where it is curved 
up to all6w the permanent gases to be taken away. This pipe 
should be warm, and th^liquid should run out uninterruptedly; 
this is readily seen when it runs into a glass jar (c. Fig. 104, 
p. 429). Where there is,an intermediate vessel (c. Fig. 104) with 
cocks for the different'fractions, the distillate mi^t possibly 
crystallize in th'is, or in the pipes {g g) which carry away the 
products. This fs not so VQ<Jy da«ger 5 ui, because the whole 
box e must be first filled with cry^als before the worm^can be 
chokecj up; notic^ will be given of it b;^ the bo:^c or the cocks / 
getting4:bld. Jlf the pipes h are sunk in the gro<intl,are covyed' 
up, and have silffifient falf and ar^ nof toft long, they will act 
be easijy stopped 'upj but j.t- is decidedly advisable to be 
prepared far that contingenc>tby makip^ provis'iftrt for blowing 
steapi through tjaem. ^ 0 % t * 

Where the work is carried on Jvith di^cujrtion by an air- 
pun»p or pit! injecftir, in tl^eipaftner to be^lescrltied hereafter, there 
is absolutely ^10 cJhnger of any*choking-up of the worm. But 

* A ® ’ 0 • • 

' A frightful explosion occurred in this way at a tar-wprk# Aar Gates- 
head-on-Tyne, in.1886, bywhich s%vfral people were killediamyhg them 
the managingiPartner. The tar-stills were not provided with^afety-valves. 
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in anj> case the stills o;ight tp bt provided with a safety-vaiye 
Or an equivalent contrivance (pp. 416 et seq.). 

,J. Yaughan^ proposes preventing explosions which might 
occur, in consequence of the worm choking-up, by means of a 
wide pipe reaching nearly to the bottom and passing out at the 
top, connected with a large empty (;^lindrical boiler placed near 
the still and at a lower level. The connecting ,pipe is enlarged 
at the highest point, and is' there'closed by a valve kept down 
by its own weight. The whole qf. the pipe is kept warm. If 
any excessive tension should occur within the still, the tar 
will ri.se in the pipe, lift the valve, and flow over into the 
empty cylinder. _ , 


Carbolic Oil 

a The distillate at and above the sgecific gravity 1-03 or 1-04 
was formerly not fractionated at all, but collected,^!! together as ° 
heavy oil, dead oil, or creosote oil, and sold for pickling timber, 
without any further manipulation, Only^ exceptionally could 
the first and the last portion of the creosote oil be separately 
sold, the former for carbolic 'acid, the,, latter for lubricating-' 
grease. When carbolic acid was specially aimed at, there was 
but rarely a special fraction made for if; the light oil was only, 
driven a little further. No doubt phenol and its homologues, 
as we shall see in Chapter IX., ocr.ac also further on in 
the heavy .i)il, and constitute part of its value for preserving 
wood; but making pure phenol from, proper heavy oil is rather 
difificElt and expensive, arid on^ takes^ pldce exceptionally. 
For this reason, since ,largfc quantities of phenol have been 
required for thp manufacture of colours, for,, disinfecting, d'nd ' 
‘for ,medicin^J purposes, it has become usual to make a special 
fraction containing is much^carbolic acid as'possible gnd with 
it a great deal of naphthalene. .Although the boiling-points 
of these cornjiounds are,, widely apart (180* and 2iG'’),a l 4 rge 
quantity^f naphthalene is carried qj^er Ijplow its boiling-pwnt, 
and, on the otlKr Ifdnd, phenol is kept back in the tar-oils 
above'its boiling-pbint. ‘Where fio»,tliqrmomater is placed in 
the tar-stills, this fraction is made to commence whenever the ■ 
specific gretyity of thec.'distilkte is i-o; moiepver, itk yellower ’ 
colour and smell serve-^as guides. A cefcain quantity of 
'' Enginar, 1880, v., p. 298. 
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the oil now passing over is ^-eceived ^ “carbolic oil*; and 
when this quantity has come over, the change for creosote oil 
is made. The amount of carbolic oil is usually i<oo gall, 
from a charge of 2000 to 2J00 gall., i.e., 4 5 43er cent, of 

the tar. Ordinary Lancashire tar gives 5 per cent, by volume 
of good crude phenols, yieVling 65 per cent, (by*volume) of a 
carbolic acid, sufficiently pure to crystallize .at ordinary tempera¬ 
tures with ea.se (Watson Sm*tR,/.’( 7 /’f;«. Soc., 1886, vol. xlix., 
•p. 21). 

Where it is pr^erred to consult the thermometer, at some 
works the fraction passing over between 210’ and 240^ is taken 
as carbolic oil* (probably with the bulb of the thermometer 
dipping in the liquid itself), whilst at-other (very large and well 
conductejj) works the “middle oil” is received between 170° 
and 230'. The flatter qourse seems most worthy of b»ing 
recommendfei^ as it leaves a suitable margin below the boiling- 
point of phenoi and above* that of naphthalene. Where 
“prepared tar” foi^ the*manufacture of jjoofing-felt is made, 
it is usual to stop the ^istillation at 210', and run the now 
remaining contents of,the still %to the receiver. 

If the oils on cooling show a large crystallization of naphtha¬ 
lene, this is a sign that* most of the phenol has already come 
before, or that it is now time to change fi*r creosote oil; 
for (as mentioned aupm) naphthalene is,much more soluble 
in phenols than in the heavy indifferent tar-oils, and hence 
mostly remains dissolved.in the distillate so long as there are 
considerable qua'ntit^es of jjJifcnols* pre?e«t, but crystallites in 
large masses on cooling when the^heripls are becoming scanty ; 
but tills rule is iKjt without exceptions. , ’ • 

Ev^*y rfat^ry must, of course, Ascertain for itsglf whiclj artf 
the proper lirftit^* of this Traction 1 th^ v^ll depend upon 4 he 
size anti contents df tlip stillg, the position of the thermometar, 
the quantity of the tar, etci The criterion is tltat the crude^ 
caijjolic acid,obtaine(^by tlif subsequent freatyient o/the carbolic 
oil, is of the proper quality, as wjll be *AcpI«ined in Chapter 
IX» Sq*far as*naphth^i^»e?is concerned, tpeugh of it is sure 
to come o’^er, Snd somethnes it crystallizes out ir^ large 
quantities. exceptionally# does* tai» cont^% so little 

naphthalene thSit it is not p^tly'separated in*the solid state. 
Hence th^*previously mentioned precautions foj*preventing 
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the choking-up of the, pipes fhofild be always observed in this 
case. 

Creosote Oil. 

The fraction which comes over after the carbolic oil 
generally eoSitains at first sufficient naphthalene for some of it 
to crystallize on cooling in a shallow dish.- dJut after some" 
time this ceases; the naphthalene, still present, but in 'smaller 
quantity, remains dissolved in thi: liquid hydrocarbons even* 
after cooling; and as phenol and its homotogues, which impart 
to the products the property of promoting 'friction, have ceased 
even before, the portions now received possess a milder, more 
oily or greasy nature, which makes them suitable for cart- 
grease. Hence this product is frequently called ‘.‘soft oil,” 
or«“ liquid creosote oil.” It generally begin? to appear when 
about half of the heavy oil (calculating for a distillation up to '• 
hard pitch) has been received.' Before an iiidustrial use had 
been found for the anthracene oil, the < second half of the 
heavy oil, i.e., the “soft oil,” along, with the “red oil,” or 
anthracene oil, was sometimes run info a special receiver as 
'‘grease oil,” and the liquid soft oil was occasionally-separated 
from the butter-like grease. This was done chiefly in the 
first years aft* 1860, when, owing to the American civil war, 
the price of rosin Jiad risen enormously,* and the cart-grease- 
makers were glad to get any sulistitutes for rosin-oil; and this 
is now again done at some tar-works. The liquid soft oil fs 
often' called “ yellow ‘creosote,” fn^m its yellowish-green colour, 
which, Jsowever, soon changes int^"dark brown. Its value as 
a lubricant is (nferior to that of tkq last portion, th*,“ solid 
irepsote,” op a green ^reasS answering to what<»is mow called 
‘ sRithracene oil.” In any gase these products'are vejy. mpdi 
Kiferior as lubricants to .rosih-oil or, lubricating oils from 
petrolfeum afid paraffin-eil refineries. The sqparaticfn of yellow 
from solid prepsotp is now principaify nvide for the purpose of 
obtaining, in tlte “anthracene oil” that constituent of coal-tar-,i 
Viz., anthracent) 'which, since * Gfiobe anfl Liebermann’s 
discovery of artificial alizarin'(i868), has,become by far the 
most vaVAble prbducf of tSiis industry. All the ‘remaining' 
heavy ojls afe put to the usds described in Chapter VIII. . 

Since ilje tar made at the Scotch gas-works tpntains too ^ 
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little carbolic acid and anthraJens to make it worth separating, 
most of the Scotch taij-distillers do not make the fraction here 
described, but collect all the heavy oils together /or'pickh'ng 
timber. 


Afi^hrttceite Oil. 

The beginning of the anthracene-oil period is either judged 
by oiIAvard marks or by the thermometer, sometimes by the 
quantity of the distillate. lUsually it is assumed that about 
one-sixth of the heavy oil (beginning from sp. gr. 1-105 tip to - 
M4, up to hard pftch) comes over as anthracene oil; but in 
some cases as •much as one-half of the heavy oils is collected as 
anthracene oil. ,The latter may be, reckoned to begin when 
the oil c«ases to remain liquid after complete cooling—that is, 
when a fresh separation of sdlids sets in. Where the therrrtbra- 
eter is employed, 270° is nearly everywhere assumed as the 
commencing-poiht. Probabljf ^lis general consent results from 
the fact that frjm tiis stage the fhermomatcr-bulb is always in 
the vapour. Sometimes^first and second “ green oil ” or “ red 
oil ” are received sepai^tely. 

« 

En^ of the Distillation. 

Formerly this w#s decided according-to whether hard or soft 
pitch was to be left in the s 1 :ill. Sometfines, bui rarely, the 
work was stopped as soon as all the light oil had passed over; 
the residue then r^mainingjin tl*e stflUwas called “asphalt” 
(in French, brai liquide), and emfUoye^ in the paving streets, 
for protecting ugdergro^uacJ iron tanljs from gorrosion, for* the 
manufacti*re»of roofing-felt, and'similar purpo^s (see 
chapter^. But tlfe work ^as neajly HwaJ^s continued further, 

' either^ip to soft jJltcl^ or h|ird pit<;h {brai ^ras and brai sec). 
Soft pitch is obtamed whe^ rather ;nore than* half the dead, 
dil, is distilled, off; podfejately hard pitch, wjjen, the soft oil 
and about a quarter of the antltracenS*oil'are taken away; 
hard p4(fh, wh*i the djstjUdlion is carried *tp'its conclusion, as 
will be desCri^be?!' presently*. *rhe special characters -qf these 
different Sdescrijjttens 8f pitch wilhbe gl»en hi the »e»:t chapter. 

. Since anthracene has bepgme ttie most valuatiJe product of 
tar-ejistilla.tion, wherever the tar is not verv ooor iij‘anthracene,* 
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the distillation is mostty contyiu^ till hard pitch is produced. 
In England and France it is frequently run out in this state; 
but in naijy English and Scotch works, and in most or all 
German ones, thfey manage differently, as we shall see. 

In the last period of the distillation the water-supply to the 
worm-tub sheuld be shut off altog^thjr, the water in the tub 
being allowed to boil, and,' if necessary, ebullitiop must be pro¬ 
duced by blowing in steam.'' ' 

The distillate which now separates is a mixture of anthracene, 
phenanthrene, carbazol, etc.; later on also 6f chrysene, pyrene, 

. etc.; and ultimately contains so much of tlifese that on cooling 
it solidifies in a butter-like mass which wbuld^ choke up all the 
pipes. This must of course be avoided by keeping the worm- 
tub and the conveying-pipes warm, or even (more i^afely) by 
employing steam; but the best way, of all i^ by .producing a 
vacuum (see below). The oil running off should ,bd: about 60° 
C. If the distillation is continued till hard pitih is formed {i.e., 
pitch which is hard *after cooling), it becomes at last very 
sluggish; its cessation is determined bj; the manner in which the 
distillate solidifies and by its quantity—qjso by the time elapsed, 
and by the peculiar .smell, now again changing. Steain being 
usually injected now (see below), the. thermometer is of no 
further use; aitd in any case a mercurial thermometer could 
not be employed at Uiis stage, the temperature in the interior 
of the still being about 360° C. In the case of tars where the 
distillate does not solidify, owing te its containing too little 
anthracene, etc,, the oth'er signs iWist sufljce for judging when 
to stop. .Frequently, alsp,'tht hydrometer is consulted. If the 
distillate shows ^ specifif gravity = notx) to noo, the fesidue 
, ■will,be moderately hard pitch; at M4 it will hn. hard pitch; 
but-this does not hofd good pf all descriptions if coalitar, anck 
should be tested by experiment.. As .soo)i as the distillate' 
^ assumes a “gummy” .state, the distillation sijoqld Ufe stopped, 
for this prqdupt, jlthough still containing anthracene, cannot 
be^ filtered at Vll.' ‘Unddt all circumstances the decisive 
criterion is-the qtnittity of the dist'll^tfef from y^ich tfis qudity 
of the pitch remaining in the still ftiay be foreiol^.' ■ 

Kohlei*^.?. af/giif, p. 677) estimates'the yield 

of pitch beforehand from, the ^ijantity of “ fniq carbon ” the 
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If the distillation is conflnugd too.long, much damage is 
done in several w;ays. In the first^place, the anthracene will be 
too mbch contaminated by chrysene and pyrene. Much of 
the pitch is turned into coke.sometimes to sutji an> extent that 
the pitch ceases to run out of the still; and even if it does run, 
it will not solidify in a gla^-like, but in a porous,"heneycombed 
form, which is quite unsaleaUe. Lastly, the still itself is much 
damaged by this treatment. 

It should, however, be tsticed that the coking, which is a 
very much dreaded trouble in the distillation of tar, is not 
merely a consequence of continuing the distillation too long, 
but it also depends upon the nature of the tar. It has been 
observed that ta^ obtained from pure^coal (whether in the gas- 
retort or.in the coke-oven) has a comparatively slight tendency 
to coking, hut gjs-tars, obtained from coal mixed with ligSite, 
bituminous' schists, and other substances of this kind, show this, 
tendency more %trongly, together with retaining water very 
tenaciously, an^ th:^ increasing the tendeacy to boil over. 

E. Kopp' proposed deriving off only a portion of the creosote 
oil and distilling the sofi pitch to hard pitch in a special still. He 
asserted that he had found in such soft pitch from the Turin 
gas-works 4 to 6 per.cent. anthracene; but this seems very 
improbable, and it should be remernbered that fit that, time no 
exact methods for ^sjknating anthracene were known. The 
pitch-still was to have a greater width than depth;•the gas-pipe 
was to be of large bore, to join, the still only 6 or 8 in. above 
the level of the lioiliag pitghf and then t<? bend down af once, 
in order to carry away,more readily the heavy‘.v^pburs. 
Towaj-ds the end the ^fetillatioii was to be» promoted b'y a 
current of*Superheated steam, or oT heated air* which had deelV 
passed .throug*h *a red-hot pipe filled witTi charcoal, and fhus 
converted into a piixture jf carbon monostftie and nitrogen. 
During the disjiliation as mifch melted j^tch as corresponded to 
ths oil distilled was t» be min into the still nteam^of a pipe 
reaching through the still-cover half-wax* Sow? into th^ pitch; 
fhR vvoafd amo*u^t to ifajf as much is the .original charge of 
pitch in the 'still. Thj steam 3 r heated gas was to issu» either 
immediately ab«v*e the surface of The bcfllin^ pitch of within the 
same.* Lastly, "(vhen the cont^nts’of the still had become too 
Bolley-Kopp’s SpinnJ^sern, pi 381. • , 
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thick they were to be e^cpellec] bj/ the steam or air, the cooling- 
worm having first been shut off. We do npt know whether 
Kopp’s proposal has ever been carried out in practice.' That 
part of it which ftfers to promotin,g the distillation by a current 
of steam or gas has been proposed and carried out elsewhere 
(see below)-. 'There remains the pro^o^al to effect the distilla¬ 
tion to hard pitch, not in the same still from beginning to end, 
but transferring the last stage to' a separate vessel. Thi4 ^ould 
not be very easy to do, and ivfiuld not pay unless more 
anthracene - was got out, which has not' proved to be the 
case. *■ ■ 

We must di.stinguish between this distillation of soft pitch 
up to'the stage of hard pitch, and that of hard pitch itself to 
coke, which will be described in the next chapter. ,. 

^n any case, as pointed out by Spilker {K^kerei, etc., p. 45),' 
the normal style of working should be to interrupt the heating 
from without when two-thirds of the anthracene oil have passed 
over, because otherjvise it might ha'ppe» th^t considerable 
quantities of bituminous substances would lead to a coking of 
the pitch. The heat accumulaled in tliQ mass then remaining 
in the retort, as well as the steam blown in at that .stage, will 
complete the distillation. 


Distillation of Chat-tar by mtans of Superheated Water. 

In order to diminish the daqger of fire in distilling the tar, 
it has‘been propo.sed' to qafry oipt .the distillation, not by an 
ordinary.fireplace, but by»means of .superheated water which is 
either circulatpd within Ahe tar in strong-walled tubqs,''or, in 
.fhe rase of cast-iron st^Is, by tubes^ cast in thS sRll 'mantle 
(Frbderking’s system^ . ‘ • 

‘ This plan isjTpt adapted to distilling tar pn a large sSale, as 
,it work's too s’lowl;^,,but it has beeA introducec^ ^t some manu¬ 
factures of roofing'ifelt by Messrs Opitz and Klotz, of.Leiptig, 
and by. the San^rhatvser /fktien-Maschinenfabrik and Eisen,- 
giesserei. It is stat<s 3 by these firms tRf.{ byme|ns of superheated 
water temperatures up to 400°‘can be attained, and that this 
plan is nroje efficient*'than the employment* of superheated 
i steam (^e .below). It has, how.eiver, not founii any eJttensfve 
■* application.« 
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Applkation of Superheated'Steam ‘in ike last Stage 
of the Protess. 

Apart from what would l^ppen if hard pitch were run off 
too soon, the still-bottom naturally siififers considerably during 
the last stage of the prpcdks, when the heat has ris^n to a high 
point, especialiy where it is not protected by a curtain-arch. 
At tBfi same time the vapouft now formed, which are very 
heavy, cannot easily get out of the still into the worm, the 
level of the mass being now very low, and the upper part of the 
still not being heatetd | a portion of these vapours must condense 
again within the still itself; and the distillation is but sluggish. 
The longer it lasts the more opportunity there is for the 
hydrocaii)ons to split up into carbon and permanent gase.s. 
Hence it seems_,rational,to promote the carrying-away of,the 
vapours at this stage, eit^ier by superheated steam, etc., or by a 
vacuum, or both* • 

Steam appears tj) have'been employed /or a long time past 
to promote the distillation, not merely at the commencement, 
as described, pp, 437 but‘again in the last stage, when it 

must, of course, be first superheated. 

it is, for instance, mentioned in Cormack’s patent. No. 1368, 
of 1864. According to Watson Smith, Mr John Barrow, in 
Manchester, employed steam as *a secret process about the 
same date. I am informed* by Mr S. Boulton that the 
introduction of* steam is fclly described by Dr Gesner in a work 
upon' Coal, Petroleum and <itlter •DisAlUd Oils, publi.shed in 
London, Paris, and New York,*; also that Mt Boulton 
experimented w/;h steajr* in 1865 aqd^ 1866, in^conjunction with 
M. AiKJo«inj»and that he had used it for ma'n;^ years jDastl 
Steam,is alsb mentione*d in Aydoffin’s*patent of 1872 i(see 
belo\v^, but only ^ a.meart? of stirring up the contents of the 
still. ■ Thb use^o^ steam, however, did not becoift^ general until 
about 1881 or-1882. ,Attjje present time eyerg wplkappointecf 
Jar-works possesses tar-stills provided with sKam ; and by that 
mtans • fnost bf the, tyaubles formerly * ySused by ’quickly 
destroyed fiojtoms, bj' explo^ons, etc., have_ vanished^ 

Th|’steam J'lflfils several pu»poseSj* lt»assist%»yi carrying 
away'the vajjdurs as beforeynentioned; this shortens the time 
1 required jflr the distillation anji increases-the yieljf: Besides, it< 
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prevents the pipes from beiog dioked up. Furthermore (and 
this is of the greatest importance), the formation of hard crusts 
upon the ^till-bottom is lessened by the temperaturfc being 
there kept comjbaratively low, ai\d also by the agitation of all 
the contents of the still, so that coking and burning-on of the 
pitch cann/it* easily take place. Iijfdefd, Trewby and Fenner 
assert that with the system, shown in Figs, ijo and 92 (pp. 
411 and 413), no coke at all Is formed on the still-bottofri.s, and 
thus cleaning out the_still becomespjnnecessary. At all events, 
the Beckton stills go for many months without cleaning. Else¬ 
where experience has mot been quite so 'favourable, perhaps 
because the steam was introduced by a simple cross of tubes, 
etc.; whilst by Trewby and Fenner’s plan steam ranges over 
every part of the still-bottom, issuing from numerous and 
suitably-formed outlets. For this reason we h^ve adopted their 
.system (introduced at the great Beckton work.s) in,our diagram.s, 
without undertaking any responsibility if it .shcruld be found too 
complicated and thf. outlets too liable tOf be choked up. Of 
course any similar arrangement will answer the same purpose. 
The arrangement described (but not illu,strated by diagrams) in 
Audouin’s patent of 1872 already consisted in projeefing jets 
(of carbonic acid, combustion-gases, stsam, and the like) in all 
directions, preferably downward, and near to the bottom and 
sides of the distilling-apparatus. • • 

The pressure of steam employed in tar-stilLs usually ranges 
from three to five atmospheres. ^ 

A further question' il: ln*whicfc-w.ay is ^le steam to be super- 
heated? ^rAt a German works* the superheater is a coil of |-in. 
wrougk-iron tuning, of j total leng1fn,.of 33 ft., with a bottom 
jfurfve of 3/t. 3'in. square, placed in an oven-lil« space above 
the«fire-arch. The boiler-stqam is first freed Trom liquid water 
im a suitable cateljpot, and then enters the Superheater,'where 
^it attains a tfemperatuje cof 275° The ste^mj-pipe, where it 
issues agaKUp i^edfered with a thick noB-conducting .coating, 
and runs over tlTe t6g of the still (which has the shape of $ 
steam-boiler), intd jvhich ?c sends fo*uj iiranche^' Each' sf thSse 
is provided with ;ts own cock, arid also with a special air-cock, 
through w^ieh the "steash is Mown off for a m'oRient in qfder to 
remove any qpndensed water) befiye the cock leading into the 
•-stiH is opened. This arranjgenjent has been in opdsation ever, 
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since 1873, gives perfect* sa^sfacti(jfi. The steam*is first 
blown in when the change is made for anthracene oil—that is, 
when the thermometer has got up'to 270°. From ^his.timQ to 
the end of the process no giore firing is retjuirgd; the heat 
stored up in the arch running all along the still-bottom, together 
with the superheated jte^n, suffice to finish the .distillation. 
After the anthracene oil has been driven off, creosote oil is 
pumfldd into the still, to mllfle sdft pitch or “prepared tar" 
{cf. Chapter VI.), which lov^grs the temperature so far that the 
still can be emptiecJ at once and recharged. 

A similar system of completely dried and then superheated 
steam 1 found at another German works, employed with stills 
of the usual cyliiidrical form with concave bottom, and giving 
entire satisfaction. * 

Some Ejigli.sJj manufacturers do not superheat the .steaqj at 
all, as they Jind that in tbeir stills^ where it is conducted 
through the tar* in so many fine jets, it is by this alone super¬ 
heated to the temperature of the tar. I |jiave observed also at 
a German wor^s, where the steam was .simply introduced by 
a cross of tubes, that .no special superheating took place, th6 
superhe'ater formerly employed having been dispensed with. 
But the steam was previously dried, and caution was always 
used in first starting it, as any water carried into the .still would 
cause an explo.sion»when suddenly* brought into contact with 
tar possessing a temperature of yxf or more.. This has 
actually taken place at several works. For that reason alone 
we would advise*in ^y caseiuch a>.sligIlt»previous superl*eating 
as will completely dry the steam, ifhicl^can be done without any 
expepse whatevg-. ^ . * • 

The employment of dry steam»at the end ef 'tl^p process has 
the further advantage thJt in running off*the pitch no air peecf 
be admitted into^thg still, whicli otherwise, might lead .to 
explosions or ^re. ^ . 

• Curye {Chem. Neips, ijfxi., p. 175) assert^ tjiat.tlje yield of* 
anthracene is .increased if a little ftrimstbfie i« added to the tar, 
whereby’ hydrS^en sijl^jpicfe is formei 3 . • ,We do itol know 
whether this groposal has et?er«been carried out in actua^ work. 

Thj following statements are*mad<!cefetring tp^e produc¬ 
tion ®f at 2 tons of otl| from crude tar the application 
of superheated steam. The apparatus, which requjfes a ground* 
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space of i6x 13 sup. fi:„ and q, height of 20 to 23 ft. is supposed 
to'be placed in an already existing building. , 

<,For .the, above-mentioned duty we require per annum about 
1500 tons craideS.ar, from which a^out 300 tons of oils and 900 
tons of hard pitch are obtained. Taking the price of tar at 


35 marks, and the selling price of ^itqh at 45 

marks per ton 

thq costs are as follows:— 

tl 

A. Cost of plant— 


Apparatus, tubing, reservoirs and pvitps, cost of erection, Marks. 

brickwork, etc. ..... 

. 14,500 

Unforeseen expenses . . . . »' . 

. 500 


‘ 15,000 

B. Cost of •working — « 

M&rks. 

Interest on 15,000 M. at 5 per cent. 

• ■' 750 

(Wear and tear, at lo per cent, on i5,ooo.M. t 

•. 1,500 

Repairs, at 4 per cent, on 15,000 M. 

.. . 600 

Tar, 1503 tons at 35 M, . . .n 

. 52,500 

Steam, 300 tons at 3 M. . ' . 

900 

Tar for healing, 30 tons at 35 M. . 

' . 1,050 

Attendance . . . , . . . 

1,000 

Water, Lighting . . . r . 

200 

Insurance and unforeseen .... 

. 600 

ft 

59,100 

C. Value hf products — ‘ , , 

UftriCH. 

Pitch, 900 tons, selling at 45 M. '. 

. 40,500 

Own cost# for 600 tons tar-oil 

■ . i 8,600 

Own costs for too kg. tar-oil at works ' , 

. 3*10 


Kubierschky’s tar-di^flliii^ apparatus, according to C. H. 
Bormann (J. Gasbeleuchl.,, 1914, p. W37), allpws of diJtilling 
the tar dowp 'to« real hard pitch without the apji;lictiti(^n of a. 
vaci>um, and in a cbntiiluous way, free from* ady dangej. It 
consists of colupins into wjiich tlje tar.is Sontinuouslywintro^ 
duced in a thili jet, whicjh is divic^ed into a sgr^, superheated 
'steam being cijpt^iuously passed ig' frop belo-w and, coming, 
into direct contact Sfith the tar. The steap effects the 
volatilization eveti^df very high-bo'iligg nils at 4 comffcwativ&ly 
low teraperatur?.^ The composition' of the vapJurj fs depending 
on the pr(\o<jrtion of the vapaur tension of the. water 'apd that 
of the oils at the given temperature. The hlgKe/ the boiling- ’ 
•point of'thfijOil, the -more steap is required for dri^pg it over. 
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If, for instance, we distil varioSs (jils boijfng at 200°, 300°, and 
400°, at 100° and atmospheric pressure by means of direct steam, 
the quantity of steam passing over with the oil vapours rises 
in the proportion 1:8:60., This proportion is, essentially 
improved by carrying on the distillation at a Iiigher tempera¬ 
ture. If, for instance, w^ dllptil at 200° by means of ^perheated 
Steam, thfe proportion of steam to the oil, other conditions being 
equal,‘fises only from i : i- 6 : 5 - 4 . * In Kubierschky’s apparatus 
the distillation-takes %;iadatitH in such manner that the 
vapours are at once separated from the remaining liquid. 
Hence no more easily boiling oils get into the bottom chamber, 
and the residue kaves the apparatus in the shape of liquid 
hard pitch. This process is applicable to every description of 
tar, from,gas-retorts, gas-producers, coke-ovens, lignite-tar and 
wood-tar. . ^ , 

By meaftsjjf superheated steam, it is possible to obtain with 
this apparatus pitch of medium hardness, or quite hard, in a 
continuous process.« • 

A special patent of the same inventor provides for an 
economy of fuel, by cqpfing do^n the mixture of oil vapours 
and ste&m, leaving the column, only to about 105“. Thereby 
the oils are almost conspletely condensed, whilst the aqueous 
vapour remains as steam, and is passed back into the column 
through a superheater. . , 

This, apparatus is \)uilt in* different sizes, up a duty of 
60 tons tar per diem. . ^ 

There is absolutely np 4 anget of’fire, since this is not 
employed in the apparats^ and*on 1 )i a few litres of tar are 
heatefl at the sjme ^tigie. No vaqupm is required, and‘the 
.yield 9^ 6 ils»is greater than in‘the old stHl 'pjocess. ,The^ 
quantity of sfeam required for ;listfllin| lOO kg. tai; d«wn 
to hartd pitch is djily^o kg, corresponding to^bout 3 kg. coal. 
The supply of iaj and steaiais automatically re’gtilated,*so that 

lieKt to jio manual latour'is required. 

% 

M^hanita^'Aptators in TarJstills. 

Somdtimes iiftchaRical agitators ar* empfoye^.^n tar-stills 
in. order to .aVkid superheating the bottom at* the end ol the 
proefess. yhus Berninghaus (G^r. P. 4586) providejthe still with* 



460 THE FIRST DISTILLATION OF COAL-TAH e 

f * 

a stirring-apparatus like a shjp’s*screw. Lennard (/, Soc. Chem, 
Ind., 1883,239) employs a horizontal cylinder^ 20 ft. by 7 ft. 6 in., 
provided with an agitator. "Fenner (B. 1 ’. ■ 13629,1884) combines 
mechanical,agitation with the ^ction of steam. Mechanical 
agitators are also mentioned in Audouin’s patent (No. 1456, 
of 1872), ,abng with agitation |Jy ^neans of a stream of 
illuminating-gas, carbon dioxide, air, smoke-gases, Or steam. 
It is asserted that in this' wiy 10 to 15 per cent.' more 
anthracene is obtained than usu^J 

Mechanical agitators are especially found useful when dis¬ 
tilling tar very rich in fixed carbon, which sometimes occurs in 
large quantities, and in the distillation of the'tar causes the 
formation of hard crusts of coke at the bottom of the still. This 
is prevented either by injecting superheated steam,,as before 
mqptioned, or by a mechanical agitato;-, consisting of a revolving 
shaft with chains dragging along the bottom. It; one trial with 
this apparatus, after fifteen distillations the 1 still-bottom was 
found to be almo.stj^quitc clean, and muct) less coal had been 
used for firing. The rivet-heads, a.s well as the links of the 
chain, were certainly ground oif, and it was found necessary to 
renew the chain and to re-rivet the still-bottom after six’months, 
but this last drawback could be avoided by countersinking the 
rivets. There vas no deformation of the still-bottom. In this 
way it became possible to'distil such tar <down to hard pitch, 
which was spftened again by the addition of dead oil.' 

It does not seem neces.sary to employ agitators in the case 
of ordinary tars. Att 'Bechton, ^fhere Fanner’s agitators had 
been introduced in .som.e’oP’the stills, Mr Wilton found no 
advantage against the system of' simply blowing in'^team 
during the Rafter part of the distillation, and die vi-sei of the, 
agitators was therefdre Ascontinued.' ‘ ^ , , 

. Rispler {loc.,cit., p. 409),.mentipns a.lar^ tar-works'which 
distilled the it: of the Vienna gas-works, cpnjainihg' a very 
large proportioTi <3f fixed carbon (iq per cent.) inupright 
retorts, holding J2 tens, prewided with agitating-gear for the 
purpose of avoiding* the formation" ‘coke during tht; .distilla¬ 
tion. For the same reason tihe” fireplace is not bebw .the 
still-bottoipi,but in front'of the stills, ancl the^ still-bottoms are 
Strongly arched, which causes the coke to sliote down to tiie 

^^'WagntriI'ischedsJalinsber,io:ii%%t'i,\t:,, 








easy replacement ofthf frCnt plate whett«th* flame comes out 
frcrtn b^dw. The bottpft^^Iktes have* a tMcksiess of the 

lower mantis places J in., the dpper mantle and the to{j plates 
I in. 'Jh*e firepjate consists of two coirfpartJhents, \y 4 th separate 
gratesj fire-dopte, and ash-pif^oorS. * , , 

At soijjt Scotch works me(;Jianical agitation ^ employed, 
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protected sides, as well as efTecRing a betfir penetration *of the 
heat into the centre of the contents. These stills are 13 ft. 
wide, the sides 10^ ft. high, the t&p arch'2 ft. 6 ip., and the 
bottom arch 4 ft. high. The giantle is made of'six plates, three 
for the circumference and two for the height. 1'his enables an 
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not during the distillation itself,<but at the end, when heavy oil 
■is run in for the purpose of softening the pitch. This is done 
at,Dalmarnock, Glasgow (Messrs George Miller & Co.); Figs, 
log and ifo show the stills thwe used, as described in Dr 
Ballard’s Report to the Local Government Board for 1878 and 
1879, p. Several stills, in tke shape of horizontal iron 

cylinders, 21 ft. long and 8 ft. 6 in. diameter,,are placed side 
by side in a set. The heSt'fro/n the fire a does not iriipinge 
directly upon the bottom of tlyi still, the fireplace being 
arched over along its whole length. The fire-gases pass 
through twenty openings {b b), on each side of the arch into the 
flue c c, and thence through similar openings, into the flue d d. 



leading to the chimney. Tift still-bottom touches the arch, 
but does not rest upon it, the still being suspended '’oy stout 
angle-irons from the side masonry. In order to keep the inside 
of the still-bottpm clean, horizontal bars {e e), shown in elevation 
in Fig. lio, reaching to within 3 in. of the,shell of the cylinder, 
are made to revolvd. To these'bars arfe attached, at intervals 
of a few inches, short pieces of iron cjiain which drag along the 
bottoin and prevent ^epositjonl tlThe chajns are arranged upon 
the bars^so that those of‘one of the, bars scrape the cylinder- 
• bottofn 'in the places in which it is' not “scraped by those of the 
ether bar. ThiS apparatus lasts for many years gfithotit repairs;, 
‘ ptlg, 111 shows the afcan^ement 6f stirring-apparatus for an 
upright still, holding 7J tons, and worked with a vacuurj. The 
advantage otafi such apparatus i^; doubtful, anej they "are only 
'■ exceptioi^lly employed. ^ ^ 

In lieu of mechanical agitating-gear, the stirring-up of the 
, contents of the rtili may be effected "fy blowitig in dxy steam, 
as described on pp. 455 et xq.\ which bith prevents the 
adhesion ^pj^ cohe« to ,the hpttom of the 4 tj)l, and protefta 
'the still-bottom against excessive wear and 4 ear by cooling 
, and rapid removing .of the tar ydpours. 
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Distillation in a Current vf Ihert Gases. 

* » 

Craig (B. P. 76^5,1907) distils blast-furnace tar with an inert 
gas, sudi as blast-furnace gas, producer gas, or flue gas,»inst0ad 



of air, in order to prevent oxidation^ and tq in^ifove the quality 
of the pit«h ani oil prodscgA • . 

A. G. Duticani(U.S’P! iiiS578) describes a still, specially 
intended ‘for Ihjst purfiose. It js divided into sections by 
ho|;izojifal platen, upon which the liquid is.retained by damming 
walls. 
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Applicatian of (n Vacuum in the Still. 

, The,,diminution of pressure within the still by means of a 
vacuum-pump has very great advantages and is more and more 
coming into us4. The author saw it first performed (in 1880) 
at a German,works in the following rnannerThe distillation is 
commenced at the ordinary pressure, and cory:inued till it is 
time to change for anthracene'-oil. Now a steam-pmnp is 
started, which aspirates both ^_^ses and oils aivay from the 
condensing-worm into a large boiler sunk Ih the ground, where 
the anthracene oil remains whilst the gas .is> forced out by the 
pump. From the same pipe steam is injected into the still, as 
above described, but merely to keep its bottom clear; for no 
choking-up ever happen^, even without the steam: the pump 
sucks away the butter-like mass quite easily into the boiler. 
The vacuum-gauge in this showed 15 mm. mercurial pressure. - 
On their passage through this bjiler the projlucts were cooled, 
so that the gas coming out o'f the fdr end entered the pump 
nearly cold. When the distillation was finished, the same 
boiler served as a pressure-apparatui for forcing the oils into 
the anthracene-crystallizers. The whole arrangement answered 
so well that a second apparatus of the same kind had been 
mounted for cpiosote oil; but this had not started at the time 
of the author’s visit. The^reatost adv,anUge of this plan is the 
regularity of workifig, and the cbraplete'absence of any danger 
of choking-up the pipe. An injector had been tried in lieu of 
the i^eam-pump, buf had not'a,jswered so well. The sketch 
(Fig. 112) may serve for elucidating the process. In this, a is 
the t£tr-ktill, b the condensing-worih,/ the anthracene-«il-boiler 
.with its domd, V.acuum-gauge, steam-p‘ip^, etc.; jp thf'iir-pumpj 

^-Yhe pressure withinrthe still in "this way*is usually brought 
down to about 4 in. of in’ercury, and tho- boiling-pojnts are ■ 
thereby lowerid' about 80° C., v^hich not merely hastens the ■■ 
process, Ijiut is of^.deefiSed advantage for the quality of somp ’of . 
the products, especially the<anthracene. '' 

. The first introduction, of the vacyum in tar-distilling appears 
to be due to Mr S. B, Boulton^ who‘'applied *it in" more widely 
extended ways than tljat ju^t described, and jn such a m.anijer, - 
as to prevent‘all nuisance.* The following d^scriptioh^of^his J 
arradgerfnent is taken from Di*-Ballard’s Report to the Local - 
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Government Board for 1878 a«d 1879, 9/142:—“ B,ut the most 
perfect arrangements for preventing nuisance from uncondensed 
and non-condensatle vapours and ^ases that I have,seen are.at 
Messrs Burt, Boulton, & Hayjvood’s works at 6ilv«rtown, near 
the Victoria Docks. From each condenser the condensed and 
uncondensed matters pEj^s yito a receiver having an.opening at 
thei.top, which rfs firmly closed down, during working, with an 
accurartely-faced iron cover, duttfthis receiver the condensed 
liquids are drawn off below V 4 ,\he store-tanks, while the uncon¬ 
densed gases and vapours are drawn off above by an air-pump 
or gas-e.\'hauster, worked by a small .steam-engine provided for 
the purpose. * Theje gases and vapours from all the whole row 



Fig. 112. , 

• 

of receivers pass into* an exh*aust-main, which copimunicates 
with two ‘waJhers’—thp first arranged like a chemist’s 
Woulffe’s bottler Tjjey hav< to pass flwough both of these’ 
where a certain amount of further ’condensation takes place. 
They then pass through ihe exhausted to a third conifenser or 
I washe{,’'sfcapgd like a boiler ; and*here again the’yjiave to past 
through water ^nTI over W?iter for ^sonfc fefet to the dischasge- 
pipe, v^hich condutts |uch as are jtill uncondensed to a fiw:, 
where .the;f are, consumed, ^his exhausting ai^atigement has 
thftfurther value oTassistin^po drawoff the^ro^(jts 0/ (^stillation 
from the still, and to clear this of ftffensiVe gases which would 
otherwiiie’esca^ into t|jepit* during the pfttcftss of recliai^ing 
tyith tar.' ./Unothlr advantage which these manufactures say 
they thusbbtam,i# that*the waterjivapotrs (ffontaining sulphide 
of'jragioniam) which accompany the naphtha arfd Jaenzol ^ries 
of products,•and which were fof^erly wastad, arc npV collected 
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. and utilized for the rrfanufacture-of sulphate of ammonia. The 
benzols also themselves are increased in bulk from the greater 
caj-e with which these lightel vapours can be collected. Further, 
by the use oft the air-pump and the closed receiver, the 
duration of the whole distilling operation is abridged very 
sensibly, which is itself a source qf great economy in a large 
manufactory.” 



^ somewhat complicated apparatus for ^distillation 
alooholic liquors) ih a ^racuum haU been donstructed by N. . 
Galland (Ger. P,. 17972, ' 

Krey has greatly itgproved the apparatus,in such.a way 
that the cfractjoits cfth be changed without interrupting'Jlfie 
vacuum, as shown Fig.» 113. The end of„the worm « is” 
connected with ithe cast-iron “ptar’*' ^, shown herfe „ without 
its^ coyer. The cover is ground oh, and^is pfovided witfa, ‘. 
"sights ” ^ade of harden^ glass. ‘The* free-wdy cock h 
com|?iunicates'through / and/ with the recovers ctff 4 ,<r ,4 
These are' jDrovided with £rla.<!S''‘sftrhtc" 
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against the faced edges with aAesJos pagicing on oqe side, and 
two indiarubber yashers on the other. They are further 
provided with vacuum-gauges (« «'), air-cocks (;« in'), Mow-off- 
cocks {g g', h h'), and manhcJes; with the air^unop they are 
connected by the cocks o o', and the branch-pipe p. We also 
notice the steam-pipe r, wAter-pipe s, and overflcJ^w-pipe q in 
the cooler. • 

During thg time the first runnings and light oil are distilling 
the “pear” h is covered by 4aordinary glass jar. As soon as 
the creosote-oil period begins the air-pump is started, the 
receiver is changed,‘and the pear is closed with its ca.st-iron 
cover. The vacuum acts only upon the receiver actually at 
work, and is cut off from the other receiver by the three-way 
cock. Tl^ previously filled receiver is emptied through one of 
the cocks gx * a’by .the pipe t, into a store-tank belaw, 

the ammoniacsJ liquor having been firs^ run off through I or H. 
If the receiver at*work is^fillecf, ^ if the state of the liquid as 
observed through thcV‘sights” calls for chafiging the fractions, 
the empty receiver is connected with the vacuum-pump, and 
when this has operatec^ sufficiently the three-way cock c is 
quickly fumed round. The oil contained in the full receiver, 
when the vacuum-cock has been shut and the air-inlet opened, 
is run out by h U and i' into a pressure vessel be 4 ow, and forced 
from this into a colfectmg-tailk. llius thg work is continued 
until the^till is finisheef. 

I am informed by Ds Kragmer that he introduced that 
system already m i8«i. in.al{ the ffactortes belonging t6 the 
Aktien-Gesellschaft fiir Teej- untf Er(i>l-Destillation, jnd that 
they merely applied it,to^he treatmepUofbrow^cpal-tar. 

# Althou^ t!*ere is no difficulty id taking sadiple# for testing*! 
the distillates 8unng the "vacuum,disfillat*ion, some prefer»to 
work off a still without the vacuum j thereby the bulb of each 
fr^tion is Tixei^ ^id this serves later»oi^as guidance for the 
vac«um distillation. During the last period As fisirtg is dis¬ 
continued, and when all the oil defired J?sfs cfistilled over, the 
vaeflum-pum^ is turned.of‘and the aif is slowly admitted Into' 
the stiil through the receiver.* 

The quality the distillates i* decidedly imprefed by the 
vacam* distillation, and the .>ield,*especially of a$ithrjcei*e, is 
increased. ,The objections opposed ,to thjs plan by Kissel. (Z. 
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angeiv. Chun., 1893, P^>6i) arf certainly unfounded, especially as 
most tar-works do not empjoy mechanical agitators for vacuum 
stiils (a's be believes to be the case). On the other hahd, the 
principal vvork^ employ steami and vacuum combined, as 
described above. 

Weyl (Oer. P. 153222; 15 . P; IJ122, 1904) describes an 
apparatus, intended for a very^high vacuum,'consisting ■of a 
kind of locomotive boiler, a horizontal cylinder with a fireplace 
in front and a large number of h-?i»ting-tubes inside, which are 
completely surrounded by the tar. 

In the case of large, upright stills,,thV vacuum generally 
is from 500 to 600 mm., only exceptionally above that. 

Steinschneider (Ger.^P. 285969) passes',the uncondensed 
gases and vapours before entering the vacuum-pump through 
a Ifquid column of changeable heightend corresponding boiling- 
temperature. , r 

The advantage of distilliijg* coaPtar in ft vacuum is not 
merely the saving,,of time and of fuel, #nd ^f reduced wear 
and tear of the stills, but also, owing to much more perfect 
fractionation, a superior qualify of the„distillates and a larger 
yield, especially of anthracene. 

At all tar-works the vacuum is^produced ,by large air- 
pumps, each ?)f which serves for a number of stills. The 
application of stgam-jet exhausters*,^ db they are usually 
employed < in lignite-tar distilleries, has not been found 
advantageous for larjje-.sized, coaRar stills, owing to the 
enorfiious consumptfon of ^tean^’ , - " 

At t)i“e end of the dietilla'tion tjit air-pump is disconnected 
frohi the stijls^ and air <is allowed ,to, enter slowly' through 
“che, receiver into the stills.’’ r “' u 

r , ^ Running off the. Pitch’ ,, 

When wbr^ing in^,th»old mamier (i.e., witho'jt steam; etc.)Jf' 
is necesssry to fifc up to the end, ard that sharply. As soon as 
it is considered that^ffie operation is at an end,, the fire-dbeifr is 
opehed, the coals,are drSwn out, and,.soon the dlstillaficn celses. 
But the pitch cannot be run oft' at once,^ partly because it is too 
hot (at le<fst 40o‘’,‘whe?i' distitling down to hard pitchji-jnd there 
is df-ng^r of(its taking fire, and partly because the large emount . 
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the still. There are also very acrid vapovfrs given off by the hot 
pitch which are objectionable to t^e neighbours, although they 
do not seem to be actually injuriftus to health, and it is e\en 
a fact that children, suffering^from skin and ling (diseases, are 
brought to tar-works to inhale those vapours, f?equently with a 
curative effect. Hence sortie time must elapse befcje the pitch 
can^be run off jvith the precautions prescribed above—two, six, 
or even twelve hours, or even according to the size of the 

still. After fhe pitch has b|efi let out, .some hours must again 
elapse before coal?tar is pumped into the hot still, lest the 
sudden contraction *00 cooling should start the rivets, etc. At 
first sight if woujd sSem most suitable to wait rather longer 
before letting out the pitch, and thus further to diminish the 
danger of its takmg fire; but it is mufli more important that the 
pit(;li should be perfectly liquid when run off, so as to leaveJthe 
still completely empty. The outlet-cock must be arranged with 
the same view. ^Whatever pitch remains in the still is changed 
by the heat retained^ by the britkwork into coke, which covers 
the still-bottom*as a non-conducting layer, does not dissolve in 
the fresh tar, and would soon cause the bottom to be burnt 
away if*it were not froRr time to time knocked off and cleaned 
out like boiler-scales, hi the case of ordinary English stills this 
must be done" after three or four distillations ; bijf proper placing 
of the cock, protectisg Ijie bottom a curtain-arch, aifd twelve 
hours’ rest, will prolong the tirfle to about a*month.^ 

The treatme*nt of the stills, as regards running off the pitch, 
is very much fllEilit^tfd by^h*e i^se of steam during tl»e last 
process, and this is not one of tha leSst reasons for introducing 
the steam treatment. •But'the operadon is very mucfi Simpler 
,,if the^itk is^ofieneS m the Jft 7 /"before runrfing off. In this 
case the distiMafbn is, irf the first ittstartte, carried on s<i far* 
that tl^ residue, if»ft w^ere run out apd allowed ^o solidify, would 
yield liarti pip:h.'^ This isfjiowever^not done*b«t creosote oil 
o'f. the oils, di-aining^froih^anthracene (?fee jjftppter# VII.) are' 
pumped back into the still confainkig the Jiqijid pitch, and thus 
mhcturus’are i#toduced,of^%ify degree ef viaiidsty, or even Mquid 
at the ordirfery temperature, t!*e latter being sold as “ pjepared 
tar " or^*‘define <4 fer.” ’The mixture of "the liquid pi^ph and the 
oite pumped into it takes place without, any special appliance, 
but it is, ofcourse, promoted ^mechanical agitatVh, Vor .which. 
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purpose Scotch stills, shown in Figs. 109 and 110 (pp. 461 
and 462), have been especially constructed,. 

„Cabct (U.S. P. 184132) proposes promoting the distillation 
of anthracene by Wowingpetroku^t into the mass, 

Cyrus M. Warren (Ger. P. 12933, J^th July 1880) pro¬ 
poses distilling tar as usual down to l^ard pitch, then running 
into the still whilst hot residues from petroleum-refining, cand 
distilling off once more as raiich'of the oils as corresponds to 
the weight of the petroleum-residj^qs. From this oil anthracene 
separates, together with paraffin, which latter is removed by hot- 
pre,ssing. (It is doubtful whether this plan will furnish easily 
saleable anthracene; nothing is more dreaded by the manufac¬ 
turers of alizarin than the presence of paraffin in their anthracene.) 

More rational would'appear the proposal of Wischin (B. 

P. ,1980, 1880), to add gradually, at thf last stage of tar-distilla¬ 
tion, heavy coal-tar oil, preferably heated befo/chand, whose 
vapours carry away the anthracene without inj^rring the quality 
of the pitch. ^ ^ 

In order to remove from tar or pitch those constituents 
which cause “creeping back,”‘H. W. Robinson (B. P. 4159, of 
1913; Fr. P. 468320) adds formaldehyde, or other aldehydes, or 
substances containing or producing svch, before or after the 
distillation. The best plan is, to make that addition during the 
distillation of the tar, after driving over the fearbolic-acid fraction, 
before the ?reosote-oil fraction begins fo come over.. At the 
end of the distillation in any case some formaldehyde is to be 
added to the pitch, i- ^ 

Wheie the pitch is, s'ofttmed in the stills themselves no 
chokirig-up of the outlet-popk or takingJlre of fhe pitch 1n {he air 
on rjinning pff rited be feared ; and crusts of colie ori the still-^ 
bottom would probiblyliot^ appear 'to any gredt extent, even 
ifoteam were not,applied, 4s is noyv alrnqst Universally dme. 

An'outletf-cbck can be dispens«<i with altogether'if the soft <" 
pitch, afta- ponjevoofing, is forced„dut Jjy means of jierfeotly . 
dry steam or of ai-varftum through an upright pjpe coming out 
of the still-top, 4 nd conveying th'ecpltph to sime stife pldce. 
The oyitlet-pipe should start from the bottom^f fhe still (which 
in this ca^ imay et'en Jbe convex), and rise {)erpendic®arly to 
the highest ppiht, and-thenceblescgod in a gentlsfpurve; it must “ 
“-be heated up by steam before, fhe forcing-out begfps. There . ■ 
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is in this case no danger of any fire in*the pitch-roole'r; and 
the process has answered quite well at'several works {cf. the 
sketchy Fig. 84, p. 404). But thft plan is suitable enly Jbr 
very soft pitch, and in the col^ season it gives «o njuch trouble 
that it cannot be recommended. * 

At some Scotch works'ihe soft pitch ft pumjjejJ out from 
the^op of the ^ill, without any expo.sure to the air, through a 
close Ifon conduit, to the pug^ilf, fn which it has to be manu¬ 
factured into*“ a.sphalt,” If jMs conduit be sufficiently inclined, 
no cleansing of it will ever be required. 

Running off tire* soft pitch (which is not so very hot, and 
does not take fire jn the air nor choke up the cock) is thus easy 
enough. But the case is different when hard pitch is to be run 
off. Her^e not merely must the pitch'be allowed to cool down 
to some extent within tl^e still, but it must first be run into a 
receptacle pro_Jected from the air, in which it must remain till it 
gives off no morj vapour and lis no longer liable to take fire in 
contact with the air. ^ Then it islet off into the open pitch-holes 
to solidify. In Ihis case the outlet-cock ot the tar-still should 
be provided with a cleaning-flajige, and with some contrivance 
for hearing it in order to melt the adhering pitch. This is best 
done at the end of* each operation, before the still is charged 
•again; it is‘then attended with much less ganger than is 
incurred by deferring the heating tiW it is time to run tiff. For 
this purpose the plan'shown In our diagrSm (Fig^ 116, p. 476) 
can ^ recommended. The cock is placed in a recess of the 
still-wall; and ifi*eaqh ^ide q{ if, separat %4 froni it by thiii walls, 
the flues descend: if this.should«ndt keep it warm ^nough, a 
small fire of wood-shavings*can be made round it in tffe Tecfss ; 
,or thij i^tfillgd witK sand, whiclT is heated* b‘y a small firp. 
Sometipies a ateSbi-coil i# wound rou»id the cock* but stqpm? 
heat infrequently atot sufficient for melting har^ pitch. In ^ny 
case thecsek ipust* be*situafid at tJie^opposifehide to the fire- 
daor, lest the vapours^givtn off from th? rurgiing ^pjfch be set* 
on fire. ^ * • •* • 

• Th& autlet»cock is^uoiyfccted by .a'short descending, pipe 
with an irotf or iJtick spout cohered over wifti an iron .plate, for 
convey^! the* pitch iflto a chai^ber w^era it' is tp.uncfergo its 
fir#t gooling (tjie pitch-cooler^ spout Js preferE^ble to i pipe 
unless the •pitch-cooler is imnlediately beside t;he_atifl*, U'^caus^' 
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the pitch readily solidifies in tlv's part of its course, which does 
less harm when it takes place in a spout than in a pipe. The 
coyer of the spout is spread over with earth to keep offithe air 
and preven„t cooling; but, notwithstanding, there is always a 
coat of solidifie'd pitch in it, which must be hacked out after¬ 
wards. If.the air is not excludedt here, the pitch may easily 
take fire; and the flame would travel to the .pitch-coolej;, in 
which case an explosion would be'-almost certain to follow.' The 
spout must have sufficient fall and^jjo sharp curves. On account 
of the danger of fire, some prefer a closed conduit from the still 
to the pitch-cooler, but this may cause mu-ch trouble by the 
choking-up of the conduit. . » 

In the pitch-cooler, pitch-oven, or pitch-house the pitch must 
be left long enough (say five or six, or even twelve ^ours) to 
cease giving off vapours and to run lyo risk of taking fire w,hen 
brought into the open air. This cannot be done without the 
pitch getting rather tough; heitce a good dgal of it remains 
behind in the pitch-cooler, and must‘be hacked out from time 
to time. The pitchi-cooler is either a brick chamber With brick 
floor and arched top, or else any sort of iron vessel, for instance 
an old steam-boiler. A brick pitch-house for tw'o 20-tOn stills 
is about 20 ft. long, 7 ft. wide, and 8 ft. high to the crown of the 
arch; some are,yery much larger. Each gable-end is provided 
with a j-ft.-square manhole, closed by, iren doors luted with 
clay. At one gabl'e-end the pitch-spout enters; and at the 
opposite en (5 there is a tap-hole just above the bottom, plugged 
with qlay or with an iron b^r, ffo^n which, opKi spouts lead to ■ 
the different pitch-holes. ‘ i- 

Iron 'pitch-chambers are either'cylindrical or square; they 
^e more exjiefisive, and suffer more by thq, ha<Rkiijg out,,, 
‘butjCOol much quicker Ijian brick thambers': Sut even in a 
brjck chamber (he pitch w cooled long ^before the chajjiber is 
needed-for the next charge. Iron,toolers, indeed, oft^h act too 
■^quickly, aijd caus«^,th^pitch to solidify too early, so that they 
have been sometifnes^iprovidad with a fireplace, which, however, 

I may^ause coking of the. pitch. Wjjeve the pitch ia softened 
in the pitch-cooler' by adding (Keosote oil, there is, of course, - 
hardly any i(,ouble witl\,3oHd(fying. ' ' , 

Tije longer Idle pitch is left inj:he cooler, thc'^ less nutsar^e 
‘thy bt^lly' smelling gases is jirtiduced; its temperature, en 
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running out, ought not to e:yeed about 120°, and very little 
vapour is then given off. There is^lso this additionil advantage, 
that'the *oily vapour.s, which cause the nuisance, are.thus,re¬ 
absorbed in the pitch, and make it softer, which means more 
valuable. But the longer tSe pitch remains ill the cooler, the 
stiffer it becomes; if kept too long, the dischaf^e-pipe gets 
ch(iked, in which case the workman generally clears it with a 
red-hot iron. This proceeding •oecasionally gives rise to an 
explosion, and can be entirely avoided by enclosing the discharge- 
pipe in a steam-jaAct. 

The Soci^tc F»ancai.se de Fours a Coke et de Materiel des 
Mines (Ger! P.. ^pl.' 29408, of 1910) cools the pitch within 
the still by passing steam through it, and thus prevents the 
giving-off of noxious vapours when tunning the pitch into the 
coijlers, *which is brought about by steam-pressure or b^ a 
vacuum. ■ 

The pitch^cojler must have a vent tn the roof for the escape 
of gas. This is mostly dpen to»the atmosphere ; but it is best 
to carry it to tlfc ch*mney-shaft in a slantflig tube, so that any 
condensing liquid may rtm backj or to malce it dip about an 
inch into a vessel filled*with water, similarly to the plan adopted 




in Paris (see below). , 

A tap adapted to viscid substances, such a.s^partially cooled 

pitch, is shown in F^. ] 14. • • * 

F. Leonard (B. P. 4547 , 1863) places wfthin the^(iron) pitch- 
cooler a number of wrought-iron pipes, through 
which cold tar*i» p^mpe'd s^ * tq cooi ^own the 
pitch and to obtain a prelimina|y heating of the 
tar or else he effects «i^ s^me object^by different 
arrangprnsnts^ofUe fiitth-cooler. . * , pic ‘tii 

Petersen-ivihberg recommends ^or ter-dis- ' 

tillefi« manufactufing roofing-felt a pitch-cooler which at the 
jame tifnttsenjps a 1 montejiJ 4 It is boiler-ship»d *5 Ib diameter, 
i i ft. long, plafeS in a somewhat slantingipositwn, wjth an inlet- 
pipe for compressed'air, a’ pipe is the ifp provided with the 
foHowisg fittings: a tap, for letting dut. the air during the 
filling; an SscenSing pipe, reaq^iing nearly down to the tottom, 
for forcing the liquid fitch into tjje reofivei for “^tppa^ed tar” 
(tberp must b» a contrivance for.cleanipg this pjpe wh|n, the 
contents otthe boiler have tuViecl too stiff) ; andVrflniyng-ofjt 
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valve, which the inveiftor, after working it with full success for 
a number Of years, protected by a German patent. This is 
shown in Fig. 115. A very tlight force, exerted upon thfllhand- 
wheel a, is piultiplied many times, by means of the screw b and 
the toothed whe‘el f, so that the valve d is forced down upon 
its seat wi^h,sufficient intensity toresjst any desired pressure. 
(This contrivance is sold by C. F. Scheer & to., Feuerbach, 
near Stuttgart) « • , 



Fig. its. 


Sometimes no pitch-coolers are provided ; tfie pitch is then 
left to cool in the still itself till'it can be run straight into the 
open pitch-holes. This plan is decidedly not advisable for hard 
pitch ; the stills must be allowed to rest; much longer, and they 
must be cleaned out by manual labour after each operation. 

Lastly, the pitch-holes of pitch-bays are situate in front of the 
pitch-house,, and connected with* it by brick or stone channels, 
having a good incline and provided with movable covers. They 
must thave a perfectly level bnct' floor, and T8-in. side-walls; 
but otherwise their sha,oe it quite, indifferent and may be 
adapted ?o local circumstances, "rtiey 'should be of Sufficient 
arrea,to makj if tmnecessary'for the pitch ever to,fill <)hegi to a*, 
greater depth than '12 im; preferabl^^ only S int Thefe.must 
be, at least two pitch-holes, to serve in tui;n, Sa that at a^t times 
the pitch maycCmpletely.cool dow.ffand solidify in oiffe bf.them. 

' In the hea*: of s\ini,mef*this is somet^es promoted by squirting 
, water over them, r It,fe expedient to whitewash the floor with 
' lime »every time tbefore -using it kgaiil, to malte it 'perfectly 
' smooth, and to facilitate detaching the pitch. S6me tar-dis*- 
tillers use s^^inary Street dust for this purpost„but thl^,always 
'' cause? a slight deterioration <Jf thf quality of tbs pitch. Hard, 
^itch heconf^s so brittle that it ^’s* easily hacked up ffjth A pick 
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in large lumps. The dust una'ioidably foftned is most irritating 
to the mucous membranes of the eyes; the men ou^it therefore 
to protect their eyes by “goggles’*or by crape; and Uiis k^nd 
oT work is always done by preference at night* Iij summer it 
is of course more disagreeable than in winter. * 

Watson Smith pointy out that the pitch-holes,qpght to be 
lai(i out So thjt no pools of rain-water can remain in them : 
otherwise the pitch may beeSra^ itoneycombed and much less 
saleable. 

In most Continental works the pitch-bays are entirely covered 
over with boards, or are enclosed in a galvanized iron chamber, 
provided wit*h movable shutters, to avoid any nuisance. 

In very small tar-works there are sometimes no pitch-bays, 
but the pitch is ladled or pumped oflt of the cooler into tubs, 
casjes, etc. .In th^s case e^cplosions occur sometimes in runiyng 
in pitch fro'mjhe stills, just after a-pitch-house has been cleaned 
from the solidifiepl pitch by hilcking it up (Hirsch, Chem. Zeit., 
1884, p. 136), evider^Iy bccause*after that operation the pitch- 
house is filled with fresh air, which sets flie pitch-vapours on 
fire when the contents oTthe stiS are running off. 

According to Dr Kraemer (priv. comm.), the fires in pitch- 
houses are generally paused by the fact that the hot pitch 
chars the wooden parts of the roofs and se^ them on fire. 
He has never observed any expJosion.s. Some astribe the 
explosions occurring *in pitch*-coolers to the fin^ particles of 
carbon and pitc*h floating,about in the air; but no doubt these 
alone would hardly fce, dapgCrous jvithflut the vapours aqually 
filling the space. Blowin^-out lhe*cpoIer by dry stfam after 
evety, operation^ would • probably ^ remove all dari^el’ from 
, explosiofle. « • * » t, * 

Instead, of tt?e apparStus just^ dencrihfed, a more cothplete 
arr^gpment has^bgien made a^ the Paris gas-works-,an 
arrangement jyo^osed by ijfgnault, ^nd which*is»aIso found at 
same laige English t^-wcfrjfs. It is repre?fentf*i jn ^ig^ 116. Th? 
, pitch leaves tlje still by the coJk i 3 :*and a* pipe b (provided with 
a’cleaaitig-nftk^ anc^ into the irorf c, in ^ich it 
remains a fJw^ hdbrs, till ititascooled down to^200°. Fppm this 
it goesptfirougl^tlie cock d and ^le pi^ «*into atWjought-iron 
chtanaber (/) J)*lf sunk in th^grotind, 7 ft. wide*, ft. loqg, and 
10 ft de^p, which receives fi^e pitch of. a nunjBer of stills; 
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*» 

Along its whole length runs a brick pit {It) J ft. deen, communi¬ 
cating wijh/by h,ol.es (^) near the bottom. An ilon plate (f) 
preveiks the pitch as it comes fronf/-at a temperaturejof abput 
120°, from rising at once to t{)e .surface; it can»onl); pass along 
the edge of/. The pitch in/and h remains liquid from one 
operation to the next, ^eii^ protected from quiqk,cooling by 
the»subs6il. Uu't on the surface of the pitcli above i a hard, 
elastit'erust forms; this is fifoiribftd, if necessary, by running 
water over it. Now, if fresh^Jfot pitch runs out of a, it flows in/ 
on to the surface of the partly^ cooled, but still liquid pitch from 
the la.st operation f "it forces this through g into h, the still colder 
contents of whiclv rise past i and flow away underneath the 
cru.st at k into the open pits /, where they are left eight or ten 
days for entire .solidification. The v?ry hot pitch in/has in the 
interval time to tooI dowB ; the vapours rising from it and m c, 
which com’mjjnicate by the pipe m, are condensed by the 
surface of iron iij contact withHhe air, a’nd are reabsorbed by the 
liquid pitch. The [jipe *«, whiefc dips into a vessel filled with 
tar, allows the air to escape as the tar run*s in, and also serves 
as a kind of safety-valve. But, besides,/ is provided with a 
loose nfianhole-lid, merely luted by Scott’s cement., etc., which 
also performs the* office of a safety-valve. This apparatus 
completely 3 oes away with all danger of fiijp, and with the 
nuisance arising fr»m,the beavy I'ellow or white, Actremely 
irritatin,g vapour givefl off by the hot pitch* which will travel as 
a compact cloud near the surface of the ground to great distances. 
Whilst observin^th^t .pitchijvas l»eing*riin off, by the flowing 
away of tough pitch from .the hole could not pefceive the 
slightest smell, although etanding clp^ by. * • . 

Tljes6»vappurs are extremely cHsagreeabl»\d most persons; 
but .tl^e Govftrntnent Irftpector, Dr*Balferd, reports that th? 
onl^l|ad effect Upoi^ health that ^ he heard pf was that tjiey 
sometiiiidl prpdyce headactip, giddinpss, faintrfts*, nausea, and 
perhapj,some*oppre.s^ion*(jJ' the breathifl^, lj«t^ ney^ any vei^ 
serious or perjnanent ill effect? {c^supr<t,^p^i2 et seq!). 

• The *abo\ffe-descri^^^#J>paratus ean be tntroduced* c*ily at' 
very large .‘worlS where pitpheis run off several times^ a day; 
otherwjs% the jlB charge would gStiffeTk tofl mucli,ljefore a new 
charge is runjm. ., * 

According to Dr Kraemef ^fiv. comm.), tlie '(shown is' 
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Fig. ii‘6 at if) is preferably placed in a box, divided into two 
chambers By a diaphragm reaching not quUe to the bottom. 
The hot pitch runs into the first chamber and forc&s the 
partially copied' pitch below the^ diaphragm into the second 
chamber, from Which it gets into the pitch-cooler. (This is 
practically done in our figure by tha pieces /, g, h, i, and k) 

At smaller works (distilling not above io,6qp tons tar ,per 
annum) it is advisable, in lieu'of. $ pitch-bay, to run thtf'pitch 
into moulds which can be taken t6 ^pieces and thus furnish the 
pitch in loose blocks, without hacking it outf Such moulds can 
be made cheaply by cutting old tar barrels op petroleum barrels 
in two, which gives two tubs, from which I;ha pitch can be 
removed by loosening the hoops and stave.s. More durable are 
iron moulds of similar Torm. They are best plajed on a 
platform, fixed or revolving, and fillpd from a shoot provided 
witii plugs at suitable distances. Tubs made' from old 
petroleum-barrels (two from eachJbarrel) thold,IJ cwt. of pitch 
or a little more; a 15-ton still r!;quire.s"twe|yc rows of ten tubs 
each. When containing moisture, they cause tlie pitch to froth 
up when run in for the first time, but never afterwards. They 
need not be painted inside with lime-vfater or the like; after 
turning over and loosening the top hoops; the block of pitch 
comes away by a slight tap with a hammer. To run off the 
pitch from a i5 ton still occupics’two iper^two hours, and the 
knocking-out from the tubs take? but little longer. The pitch 
run into moulds is at once ready for putting on to railway 
trucks^ without any trpublesQme’hjcking;oyt,h*n '3 is quite clean. 
Both hard and soft pitch can le treated in This way, but in the 
hot .sea'soh the knocking-fut must b? done in the early morping 
hpurs. The wJrtv-out tubs aie used for firing-up^wh&h Js just,,, 
the fate the old barrels wiyild have suffered in'tny case. ^ 

Jron moulds {ire made in two pieces,^oimected by ^|iiiges,' 
with a ‘loose, botPom. These m/st be painty irhiide. with 
'time-water, or a suspension of clay i^ Watej-, or, b^st.of jill, with 
cheap paraffin oil, or, come othifr oil which does not dissolve ■ 
pitch.i ' 

A table in the Alkali Report^N[,6. 30 (1893^! pp. ‘^2-29, gives 
the followiijg^ata fat aU*Engjjsh tar-worlis 9 ^umbeFqf stills, 
Size oj the aanfe (from 2 to 40,tons, mostly sp to 12- tons), ; 
description Bf* pitch-cooler, m ^ few cases' the temp’^ature ,at 
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which-the pitch is run off from Jhe still into the cooler (between 
100° and 280° C.) and from the’coolei* into thellopen bays 
(betwejfn almost tne ordinary temperature [?] and 243° ,C.)* and 
the means employed for removing the noxiaus vdpours and 
those for producing the necessary draught. * 

Bueb (priv. comm.) has constructed an apparE^fus which is 
easily attended,tb by a singfe man. The pitch, partially cooled 
but stiH pretty liquid, is run fr*o thu pitch cooler (an old steam- 
boiler) at first into a small jeservoir, standing on a turn-table 
and connected with’a long, open spout which runs on two small 
iron bogies on semicircular rails. The spout has, in certain 
distances, afrapged according to the diameter of the pitch- 
moulds, holes of about 2 in. width, stopped by wooden plugs. 
The pitch-moulds are rapidly placed underneath that spout, 
anc^can fie successfully filled by taking out the wodden plugs. 

H. Kohler ‘Has introduced a similar apparatus wh*ich 
occupies less‘’space. .Along the old Steam.boiler serving as 
pitch cooler an iron spoTit is plficed, possessing at the bottom, 
in distances of^ in., openings 2 in. wide, Stopped by wooden 
plugs. At a right angle tti this .spout, and running by rollers on 
three raws of rails, thete is a second spout, similar to the first, 
below which the pitch-moulds are placed seriatim. The 
work is performed in this way:—At first the runying-off spout is 
put underneath the ^nojt outsvard hole of the fixed spout, and 
the required moulds are placfld below. Vfhen these are filled, 
the spout is mcJVed on up to the next hole, and so on, until all 
the rows are filltd? JThe raoijJdS mfiy b» rpade of old pctrpleum 
barrels which have serveef for tl^p Sarriage of tar, but are no 
more serviceable. • • * ^ . 

^ Tffj troublesome ToAnation of»( 3 ust, whicts takes place op 
cutting the.pikclt*out of tfee pftch-holjs, is*thus almost enfyi’ely* 
avo For gettings it out of Ihe moulds,^it is indifferent 
whether* hard pitefi or soft*y>itch has^ been Obtoiijed ; but this 
^ul'd be dpn^during the summer seasOlf in^the earjy hours of® 
the day. * • •, » 

, ‘At l^i^e tEir-works the jJltch is force’d from the coolferj into 
elevated intSrmeState vessek, from which if is run by spouts 
into largtf mould#conflsting of ti^o halr|ps ;»the blyojcs of pitch 
cojaing out ofc these are directly loaded irf rjilroadJ cars.* 
Rispler states that suA^blocks weigh ahouJ*S cwt, each. 
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and six himdred of such moulds are required for an annular 
production Sof io,ooo'tons oY pitch. 

, "fhet pitch vapours are very irritant for the throat, th® lungs, 
and the eye.s, end cause more ^injury to the health of the 
workmen than ‘pitch dust, which acts merely on the eyes. 


Tlie casting of pitch into moulds 
has only then an advantage over the 
running it into pits and hacking it 
out of these, if it can be at onp 
sent out, for on being stored for 
some time the blocks of pitch stick 


h 


to each other, and they must - 

ultimately be hacked up | 

again. , I i ' I 

In heu of the cast-ifbn ■< 
moulds composedof two ' 
pieces, which have a con- [f ^ 
sidersble weight, afcd in ’ 'p 

which the pitch, owing''tes ' '>v .." “ OT 

the. tWickness of the rpetal, ^ v ' <1^ ' ^ 

takes a long' time to cool 0 * ^ 0 o 

*dov’n, it is’ advantageoif-s to 
erpploy “ spring-moulds,” con- 
sisting'of ar single piece of no. n, ^ 

’^'’felastic steel - plat^, kb'pt together at the joinf. by two angfe ^ 
irons, by means of cones. ‘Whtn the cones are knocked 'out, 

■ the mould opens of its own accord, jind the pitch blocjc corHes 
out without application of force<i ‘ 

An arpipgemeKt fpr runping off, cooling,‘’breakin'g,pp, and 
"loadipg tlje pitdti with^a minimum pf manual labour is descriljed 
^'in the Ciertnan patent of the “Chemische FabrilviJndenbof,^ 
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C. Weyl & Co., 217427, as sketched ir? Figs. 117 and 118. 
The pitch is forced from the receiver (wMch is conjtructe^ so 
as to ajt as a montejus) into the elevated tank a, the contents 
which are run into the pans b, placed in a descending row. 
The number and size of these pans depends updh the capacity 
of the tank a, and the time, required for complete^y^emptying 
it. ^y regulating the temperature of the pitch before running 
it off, it»is easy to manage witb a givtn number of pans, at any 
outside temperature, so as to^nwent the pitch from solidifying 
too soon, and not’to getting down to the lowermost pan. 
When this pan is full, the running off is stopped, and when the 
pitch has solWi§ed^ in all the pans a, these pans, which rest on 
horizontal pivots, are tipped into the vessel which is provided 
" with a grate and 'runs on rails, and fe moved on to a railroad 
car, ,mto which its contents are discharged by opening tjjie 
bottom. One eleVated .reservoir a may serve for several 
rows of pans ft" Only qne maniis required for serving two rows 
of pans. ■’ 

Graf (Ger..FI 224257) cools the pitch’ by water, which 
.certainly requires a more complicated apparatus than the 
. cooling by air. = 

• 

. ContinmAs Distillation of Tar. 

Frequent attempt^ have Ijeen made to render .the distilla- , 
tion of tar a continuois operation, involving a constant inflow 
of fresh tar and’rwtflow of pitch. . •> 

Mallet^ causes<thj tar’to>:itcu\^te a sufflciently Jong 
lead bath, where it success/vdy gjves off light and he^vy oils, 
'and at the end runs off aspUch. The fractionating is .’effected 
by' making^the tat psfts^ound divisions whicl}»d’o not impede; 
fts drculation,Jbat separate the vapjjurs •into two or t^ee ^ 
classasr *According,to Knab, nothiiTg is gained ^y this plan. , 
i. A p^epasal made ?y VcJfil* is fikewise ilftemded to* carry 
out a fractionaf distillation at a constant lewel, especially in- 
brd’ef to Ineet the disSdvan!age of.the light ,oils teing kept 
hank by the liavy oils.. 'Wiis is effiecfei b;^ the apparatus 
ftjineated ia -Fig^ i icf. '^^^ajd B are ca%t-iron stills^; C,. 
i feed-pjpe dtpping ? or 4 in. int^ the’liqiji^; D D, 

Girard and Deljire, Verivls,*^ n. 

Dingl,p0lyt. J~,TixTom.. p. 133- 
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manhole-lids; E, pipe for conveying the vapours given off in 
A tp. B; F, pipe for the valours going from B to the separator 
G; H.rpipe for the heavy'oils, connected with a refrigerator;^ 
I, pipe for the light oils, also,connected with a worm; K, 
connecting-pip'fe between the two boilers, with the stopcock U, 
to be opened and shut by the handle L, in order to let the 
liquid flow from B into A. m and « ar6 ^oats-; m so 
arranged that, on the liqilic? in'A rising above the level a, the' 
float shuts the supply-cock of ‘C^; n is connected with a loose* 



va^ve whicfi opens wher^ever the level rises Wo?iig;h. 6, outtet' 
qpck for the heavy oil res'idue in A; P, fireplace; V‘,stoking- ■ 
hole, ‘ To stavt''the apparatus, A' is fifled"through C up to the ' 
' level a, jts contents'heated to boiling, and' then a continqdus^ 
supply run in through C.» Until'the ebullition'in A is very :i 
strong, the flanre is kept off B bjf a damper,'«and ds,, directed 
straight to the chimney. ' r' > • , . ’ f 

Meat^while'B« anji G ^re getting*’heated, and^^om H ii ;' 
constant stream of oil distils off. Now by opgning the da^Jier 4 
the ^fire^ from.P is.directed underneath B; and from till 
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light oils distil from I, heavy ^ils from.'H; the heaviest oils 
remain behind in B. If m shuts*off the supply-c 4 ck, thf fire 
must he increaseJ. Also, if the v&lve « in B is liftedi this, is 
a sign of too little firing, to^ much being cortdensipd in B; or 
else the damper keeping off the fire from B has "been raised too 
late. When A has beeji worked off, which is so<iv, known by 
experience, th^ fire is damped by wet ashes and the residue 
from A let off through a reffig*ator (consisting of a set of 
cast-iron pipes immersed ir^ Water) into a tightly covered iron 
vessel. Then the Jontents of^B are run through U and K into 
A, the level is made up to a by supplying tar through C, the 
damper for. B is Igt dfiwn, and the operation is recommenced. 
Such an apparatus (erected by Thiriart & Co., of Cologne) is said 
to yield 1^ ton of light oils in twelv<! hours. It was originally 
intended for paraffin oils; but Vohl believed that it is also 
eminently suitahle for «oal-tar, and w'ould yield twice the' 
usual quantity of ben/ene and its hoAologues. 

N. M. Henderson (B. "P. 540,1883) has constructed a similar 
apparatus, cor»si!ting of three horizontal cylinders, about 7 ft. 
diameter and 9 ft. long. ’' • 

We "pass over the‘patents of Ellison and Davis (B. P. 
13929, of 1886) and of Max Bohm & Co. (Ger. P. 60747), 
tb give a description * of Leonard’s continuous still (B. P. 
7334, 1888), shown i0 Fjgs. ijo and»i2i. The still (C)? divided 
’ into compartments (c cj, partially dips into fhe oil-bath B. The 
■compartments ate arranged in steps, with inclined Tiottoms and 
with inlets and* oatlgts^ at c^pfisitg sid«% to force the tar to 
travel by the longest possible rqjittf D is a steam-jjipe, with 
branches (d) for each campdltment, ending in perforated pipes. 
The cbmpjrtnienfs ndarSst to the taf-inlet pipe»A have recessqs 
(E) in their^boltdms, with partitions (j). (jn one s*de of tjjese* 
the'•team-pipe d afxi its dividing-p^pes (1^) are iptroduced.' The 
tar enteTs»at A, fflls**the ^cesses E^ passe? wn.the opposite 
^^e into tlje ^ecbnd conjpartment, and 'sc on» beingograduall^ 
.d'istillecTby the heat*of the oH-bath ancithe^team until it has 
been cqnvertaS into pitch. Irhich rune but continuously fit F. 
The tar, before dliteriiig tha s(jll, is heated *up to the boiling- ' 
^oint bg»a spfrafc (Y),lying m an oil-bij^th (C), aftgr^yarSs in a 
scrjibber- by passed through thq oppdkite way.,* Thei^ 

TOjppUrs '^duced are. condensed ,in some appjjstus, sooledr 
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either by tar itself ct' by products distilled from it, which by' 
this 9peratfon are redistilled'and thus rectified. ^ 

■, Accerding to a later patent of Leonard’s (B. P. 8444,, 1891), 
the tar, pre;viouSly heated by beiijg used as a cooling-agent, is 
superheated in* closed coils of- pipes, and on entering into 
a scrubber,is-freed from volatile matter,s by a current of steam, 



B B 



the pitch flo,win^ away info a cod'Kng-chairfber And-aflast into" 
pitch-bay|. The swperbeating is done in "sajid-baths, fitted 
with iron wlbrms,, 4, . " ’ ^ ' /'<• 

■^ht Alkali 1894, p.'> i26, states tlkt no jioxicus' 

vapours are given'out by this ^pparafo^, but-bn the ecohonti^i’ 
success of the plhnmo certain opinion cdald be glvSm ■’.Jn' 
ther6,,were tyfO*such ^tiHs atiwork aLMessrs Fljsbes, Abbo^'.;^ 
Lenn^ird‘s,nat East, Greenwich,'>'ohe for 16,000, tfetf ibther 
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24,000 gall, of tar in twenty-fo'\jr hours j.fclso one ip Scotland 
and another on the^ Qontinent. * * * , 

■ Latar 'on this system seems* to have come more injo 
u.se. Low-Beer ^ reports very.favourably on th« Legnard stills 
in their improved shape (Fig. 122). The raw tar, after being 
freed from coarser impurjties by a sieve, is pumped.b^ pump B, 
and* is first em^ifoyed as a'cooling liquid in the creosote-oil 
condeilffer H and in the anthr*:eifc-6il condenser J, and during 
this function It is already degrjved of the ammonia water and 



. Fig. ja2. 

of the lightest oils. It then passesthi'ough a “ tar-scrubber ” (E), 
consisfing of a column filled with firei^ay rings,^and ^rbvitled 
*(irith aa a^iengfiment 'for* heating it by meane'o'f superhe^ated^ 
steam, (lyhioh iS liferely usAJ in* the cqpmaicement, before^he 
rawTai^has had aw opportunity o? .taking up Jieat in the o;!- 
cendenser^ as ^escribed abo’^je^ In tlje scrubber S the removal 
of the wj^er.and the IJghtft^ oils goes on,*and*i| con^nued in T 
condenser (F.j, before the tar gefs tothe rasgrvtdrs, P P and Q Q. 
'Frbm thSse, ^till in state,'tte‘tat is forced by a 

' pump (Tf irito thtidistilling-^paratus S. This consists of two 
•^^t-irott coils, opS above the othe|, pladfed ill a heq^ipg-iurhace.^ 
theje coils is quitj regular, and anfounts to,l8 in.' 

Z. angetu. Chgm., igoi, p. 
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m alL Thp diametefaDf this pipe increases towards the hotter, 
lower part,f corresponding th the expansion, of the Jar by the 
heat, the difference of diameter between the beginniilg *nd the 
end of the'poil being 2 in. On le,aving this distilling-coil at^^,- 
the tar ha% a temperature of 300°. It now runs into the “ pitch- 
scrubber t,T, where it flows over iarge surfaces, and is heatfed 
by a current of superheated steam'to about 300?; hefe it yields 
the remainder of the volatile 'substances and leaves the ^tubber 
in the shape of hard pitch, or, if desired, of intermediate qualities, 
as regulated by the temperature ,pf the steam. 

The vapou rs driven out by the steam gehinto a condenser (H), 
where the anthracene oil liquefies, and collect in 'N ; they then 
pass the creosote-oil condenser J and the reservoir M, both of 
which, as before mentionfd, are cooled by raw tar ; tips cooling 
can be regulated with such ease that, the specific gravity ofi.the 
condensed products does not vary during a number of months. 
The light oils leaving the condenser H .are qondensed further 
on by ordinary water-cooled'coils in G G and collected in 
tanks 0 0.' ' ' ' 

The whole system, including tlie tanks for collecting the 
various distillates, stands under a vatfuum of about 550 mm." 
(say 21 in.). To prevent lo.sscs of ammonia and light oils, a 
water-tower (\Y) and an oil-tower (Oe) are placed between the 
tanks snd the vacuum-pamp L. Tber«. are also samplers, 
consisting of autonfatic siphons" which ^ct without destroying' 
the vacuum. 

Tfie heating of th/s^istilUng-cpil caqnqt I 5 e done by coal, as 
this would act too unevenfy Jijt is done either by oil-burners or 
by gasecMs fuel The fife-gases firkheat the’lowest f)art qf the 
qoil, where thd Car leaves it and graduafly ^etj to«the,JiigherB 
'parf; after this they serye for 4 upe/heating 'chtf steam,, and at 
last escape thropgh the chimney K. ^ ' 

After starting the apparatus, if "takes from fen tb eighteen 
“^ours befqre hard^pitth is formed; daring this tioielhqparti^ly 
distilled tar is taljen_^hack into the hot-tar tank by'a pipe. ■ -i 

Only one man is’re'quired for wbfkmg this apjiaratus/but'h'e 
must know it thoroughly, since^ awkward acntdentS ihay occur 
througii lef Images of thji coil.^etc. Thes? can® be obsd^ed by Ik 
"numt^r of “.sigiits” in the fuvnace, and they wntHid.alsd, 
'.Aheroselves’^fy the thick smoke ^df burning .tar. esea^i|j^. odtj ^ 
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the chimney. As soon as thi| happens, the attendant must 
at once stop the firing, as* w 5 l as the‘tar-pump,, and inject 
superheated stearn into the coil by a tap provided foi* this 
purpose, which forces the tar out of it in a feijj minutes; after 
this the other parts of the apparatus can be stopped, all of this 
in a very short time. The plan must also constantly look after 
th% pressure-g|U|[es, fixed ifl various places, which‘indicate any 
plugging-up of the pipes. Ilyi happens very rarely, as the 
vacuum presents it. One si*:h still was nine months con¬ 
tinually at work, 'Without a'&ay’s interruption. 



F1G^I2$ 


bne the stills <at the inventQi^s V'orks cs^.work' off ilp to 
150 tons of taj in one day, AJmost the qnly drawback *f thg 
systc^ is that th^ post of it is high, Ad does not pay wheft less 
than jooatons of tai*^er annum is'consumei.*, ^ • 

• , Mason’s cdnttnuous still tGer. P. 6609,^ is grirnarily intend^^, 
for petroleum, but is^qualfy applicable to cflaMar.* •The retoft 
(Figs.- 13>3 arWl 124) is fijrmad of zigzag piltes,.^nd is composed df^ 
as many single (ijamlJer#^(t, b, c, d) as there are distillsftes to 
sepaTalp or e 4 se*of one continuous tracjt (Fjg.*i24).^ The single 
p|tts are arraiijj^ed one over andyier ifl^a speeiaF ^ace fif thp 
fi|rf*ace (S* 2,* 3, 4), divided Iby partitions (s) 01* flues. • are. 
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jtill-hekds, Issuing fr<yp the ben^s f coolers, a receivers,^ ^ a 
vacuum-puipp, b reservoirs for the products, h fireplacej^vS^ steam- 
jacket, regulating sand-bath. Every chamber can be,heated 
separately,'or cftoled by flues in a methodical way. The 
oil or tar, contained in J, is introduced through r at a; a steam- 
jet (^) converts it in'io a spray, which is repeated in every compart- 



Fig. I24. ‘ 


ment, the sprayed oil being driven aldn'g the hot retort-sides 
and the last resiciue is run ipto 0. ^ , , 

Pfropfe’s still (Ger. P. 55025,' 1890) consists of a sejpi-. 
cylin(Jrical tiMugh (Figs. 125 and 126), divided by partitions (S) 
into compartments (A^,pwith comi^nica_tic^s<>at‘j, T, inlet fpr- 
the tar; H, still-heads for tvejy compartment. The pitch rubs 
through, >|,back through the still, and there gives up most of itp 
heatj till it issivjs at k' H, Kohler had th'e oppqjtunity pO 
r/orkhig such a still during four montiis. It had'a diameter of* 
3 ft.'3 in. and a length 01 14 ft., and consisted of’eiglit,*oo^ 
partmei^ts, each" provided with a >• still-head and eoofef. ,It 
.4j,stilled 3 cwt. 0^ tar,per hour, with a consuftip|ion of ip pgf 
cent, good'coal. ' Dry sjteam .wasvbloVn intp the heavy-^'drl co*^ 
.partments to prevsnf"the. formation ofocoke. Tke distjiliatimfi 
of the first runnings and of lightpil ,wks e'asy, ]^s so'the sep^a- 
tion ofdar^lic oil from creosote'oii, t)ut that af the airt^ra'cMiii 
pil wac^agaih Setter. Tj&e piteS-pipe s was freque'^tly pbiftfuc^j ^ 
sMd was therefore superseded by funning the pitet'-fronT'^,? 
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last' compartment directly into^ closed cjioler. Thg disfillation 
could not be easily carried on in sulh a m&nner that the products 



Fic. 126. 


were always of evep quality, and this would have to be improved 
. by a regulated systeTif of firing. The following curves (Fig. 
T 27 ) allow a comparison bet^’een ^e results 8f a Pfsopfe still 



^Fig. 127. 

(dotted’line)* and tlJBse ,of an ordinary- upbight .vacfium-stiU 
(j^tinuous lij^e), which proves Aat the,forme» aje'equjihto the 
latter. 
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There a certais). saving pf fuel and of labour. In us 
improved shape Pfropfe’s stiW is best adapted for removing only 
the watgr and the more volatile substances, leaving a nvjiterial 
well adapte'd for (the manufacture of roofing-felt (p. 3S3). 

The continuous still made by H. Hirzel at Leipzig-Plagwitz 
(Fig. 128) admits Of employing surprisingly low temperatures 



for diStillaticAi. Instead of working wp to 300°'’Cp, 1^0° or 160”' 
C. is‘sufficient, or for anthracene oil and harcj pitch 250° i’pitead 
of 400° ^nd upwattls. Thu^’very pi.>re afllhrticene iso obliained(' 
aipd the phenols ^are secoverable inosi easily *10" a pure stetp.’ 
The tar is hfeatid'up in A, purified froni coarse rnatfets by a 
sieve, and run thrpu^h a .column (B). ,At the bo'ttomiof evei^i^ 
one 0? the chambers of this column' Vhdre i^'a steam-coil ■{a),, 
which, vrtien, supplied-with steam af pQ to‘<oo lb. pressuf^,:heate; 
the tar to 1^5^ on 160° <^. Op^n steam passes fr^ below 
top ani caries off the volatile matters to such a" pcglst tb'ft St 
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the hottom only soft pitch is|ues, cont^iining the',elements of 

hard pitgji and at^thracene oil. The vajlours escape through b 
into Ehcooling-worm (C); at d the condensed oils and \vater run 
into the separator D, where^the heavy oils sii»k to^fhe bottom; 
the water and the light oils pass through c into a second 
separator (E), where tl^e water runs off .sideVays., The tar-oils 
fr*m D and F, ?un through f and ‘g g^ into the reservoir F. 
The Cbntents of the separatofs,® Etnd E are generally warmed 
up to prevent obstructions^naphthalene, and are therefore 
provided with pip*es {It feading the benzol vapours into a 
supplementary coaler (G) and the receiver H. The soft pitch is 
collected inTiie sjeanf-heated pressure-tank J. By working the 
coluijin at lower temperatures it is possible to get at the bottom, 
instead of soft pitch, a liquid tar, suitable for the manufacture 
of^oofing-felt and as “ ptppared tar.” 

The distillate‘obtained by the usual way of working ton- 
tains all the^o'ils boilipg up to^oo°, all the anthracene remaining 
in the soft pitc^. It can be worked up in the usual manner, 
but Hirzel recommends the following method;—Cooling down 
by artificial cold and (ftechagical agitation, separating the 
crystallizing naphthalene by a hydraulic press, treating the 
filtered oil with caustic-soda solution, rectifying the remain- 
'ing oil .by 'steam, and purifying the distillates by sulphuric 
acid. 

The soft pitch cas be wcftked up as fellows:—It is forced 
from J into a Wgher-placed reservoir and contindbusly riyi into 
a still heated fo 350,°, gte'an^iftiertieated^to the same tempera¬ 
ture being blown in, unijl the jnthracene oil has been driven 
ove/; the hard jSitch ia *uft off from Jime to time wthout any 
dangpr cn evolution bf ftoxious vaip'ours. , \ • 

Dr Hirze^s*• process rfias •beelt practically infroducdH. h 
is drf^dedly less d^n^erous and Sauses less nuisance than the 
ordiijafy tstill j, buf tl?e appSratus is’more ex^neiye and requires 
‘ijiore supprvJsiJn. Iimooi; Hirzel obtained a new' patafit 
(Ger. *172224). 

• A fcmtiiftous tar-di6tnnng apparatus, fortstructed by Walten 
Khhn, of feuberfj has*roused ipuch attentioti. It is supplied by 
^he Lacker A^parfftebp-Gesellscha^t, of Llibejk fro*m whiclt 
hav^ recei^d the followJngVtommqnicatiani^ tnere^, wiffi 
■permfssita to publish themfas well as the d,i^»aih, 
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me lar is lorcea py 
a (a) tJ;irougb a 
series of spiralrtubes ’ 
4 ^3)1 heated by 
a fire or superheated, 

, steam, of an aggre¬ 
gate length Of several 
hundred metres!'Here 
the necessary tern-' 
perature is reached, 
thC" velocity pf the 
' 'current •'of tar being 
about two metres per 
second,»but t^e high 
pressure prevents the 
c formation of gases 
withip the tubes. The 
heated oil is conducted 
into the "still c, where 
s' it is throttled by cap 
6’ so that it remains 
^ jinder high pressure 
in the tubes, but on: 
c issuing at the -cap x, 
which is|)erfotated by* 
many small holes, Jt 
fia» thrown against a 
. baffle plate,;and is at 
" ' once converfed ipio a 
spray, ponsicting. of a 
mixtur^of steajn.and 
jl^rooils, which go 'bp 
to tlje coolers' 
pfhilst "the. dj^d ciU 
or pitch, 9 ^ 

the bottdhi a't 1 mtb 
a tani or ab ordioarys 
*still, fo^be fur?!ierdiip 
tilled, ‘tj'he cart; 
over''of .liAlS 
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iSto (t 'K prevented by a series of slanjing plates^ Id conse¬ 
quence of the hi|h pressure no opke 19 formed iq the tubes. 
\yher^ several apparatus are working alongside, the hot’pitch 
may be used for heating the tubes I'hese’are kept' at 

different temperatures, so tha^i^ gives creosote oil.ijlight oil,and 
bg crude benzol, which ^oes, pn for months vfithout any fluctua- 
tiqps of the specific gravities. The tooling may be effected 
by tar; which is thus pre-heirt|i »A lo-ton still can be filled 
with dehydrated tar within an hour, but it is best to calculate 
qpon two or three hours. Cjftt apparatus is sufficient to supply 
five stills at 10 tons each, one after the other. The tubes 
b^, b^, b^ starm^ pressure of 250 atmospheres, but are worked 
only^at about 20 atmospheres. There is no danger of fire, 
even where t% heating takes place, by coal, as the contents of 
th| tubes are minimal (there is never more than 1 50 litres of 
tar in the apparatus), an^ by the simple turning of a 'valve*the 
supply of t^'is instantaneoysly stopped. The liquid cannot 
boil over, as on!y very Small quantities of it are injected per 
second into c. • Tlfe work is very cleanly and requires no 
continuous attendance, “^his jystem is employed for various 
purposes; viz., for merely dehydrating tar, for driving out 
only the lightest .oils in order to get as far as “ asphalt ” 
(p. 451), soft pitch ob'even hard pitch, and quite a number 
of such apparatus jre^alreajly at y/ork. ■ 

RayjOf Turin, in ^ communication made to the Chemists’ 
Congress at , Rome in 1906, describes a continuously working 
ap*paratus for distiJlipg.tat (jjjtent^ in Germany as No. 1^7502; 
Fr. P. 348267), consisting’of a b^tesy of Iiorizontal iron retorts, 
inclined in opposite ditecti«ns,asthe/follow one anojjisr. ^The 
ends*of t^e retcAts pa* outwards through ^1^.brickwork’and 
communicate J))I»means oS pipes. .Thus a zigzag if formdd, into 
tVl^cVtbe tar entgjs at one end afnd'tfte pitch flows out at the 
'othei;.*’E<ver;g ret8rt*rs prcfrHed wfth an intet *nd outlet v&lve 
•a;id a pipe forlctSrying off tRe vapour's, yhe beating-gak pas^s 
fifst under thelast retort an?l gwduiilly proceed? to the first. The 
■kst rqjort is»'provided rfvith an inlet .for ^te^m, superheated to 
350° to 279° C.,<^}iiclf fa^flifates both the escape of the heaviest 
Vajji^rjtind theeunnihg qut o^the pitch at^ moderate Heat, and 
■ the i^mation of coke. t is noj necessarj^ to dehydrat* 

introducing ft.* 
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Wil'con P. 254^9, i907)'employs for distilling. tar in a 
continuous ^process two retprts, superposed over one another, 
and Inclined in opposite directions, so that' the liquid, ejjtering 
al'the top of thf upper retort, leaves the lower cylinder at its 
lower end.' Both retorts are combined with tubular coolers. 
The tar enters at the bottom of the top cooler, leaves it at the 
top, enteri. the bottom of the loWer cooler,'and leaves f^is 
again at the top. In flowinp through these two coolers the 
tar is heated up by the vapours front the top retort, through 
which it afterwards flows in a tifla stream,"^^enters the bottom 
retorts and flows out at its lower end, .the surface^ being 
increased by a number of projections .attached tsvAhe bottom of 
the retorts. After leaving the bottom retort, the liquid residue 
flows through the bottom cooler. ' 

Kubierschky {Chem. Zeit., 1915, pp- 387 and 422) eiirectsj;he 
coieinuous distillation of tar in a colqmn-appatatus by means 
of superheated steam, which allows of proceeding‘at will either 
up to hard pitch or to raiddla-hard pitch. The superheating 
of the steam is effected by an apparatus placed outside the 
distilling-shed, and is performed by-means of oil-residues, tar 
or a similar kind of fuel. The steam continuously circulates 
between the superheater and the tar-still. ^ Apparatus of this 
kind are built up to a duty of 60 tons' tar per diem. By this 
process, in which only a litres, of tar a;je getting heated at 
a time, crude, water-containing tar can bp distilled without any 
danger up to perfectly brittle hard pitch in a continuous 
manner, with separation flf the s^gle fractions*. 

Archdale (B. P.' 16511, 1902) ‘ employs for continuous 
distillatio'p a steam-boilel-like boxydipajed outside, with baffle" 
plates on the bottom, forihing a zigzagcchenhol, thro^h '^liich 
the tsr flows in at one end and out af the othert 

(?ther patents for continuously acting tar-ptills are 
"Werper & Pfleiderer, Ger. P. 106713. *' o * 

Bockelberg &, Sac|ise,'Ger. P. ii) 47 < 55 ! B- 7 ? 04 > 1904 - 
Tack, Selg. F. I81041. .. < ' ' 

Wilke & Co., Cjerj'f.-nppl- D16054. , 

Aftmann (Ger. P.‘ 233233,1910), 

Reichmann (GertP. 221898,1907), 

WernecKe?(Gei-. P. 261372)1' 

ScHliemann (Ger. Pl'appl. Sclu"34048, 1910). 
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Raschig (B. P. 14230, i_9i3; U.S. P. 1*1^41265; Get. P. S60060). 

Franz Wolf (Ger. P. 22820^. 

A.,voR GrblinI (Fr. P. 322789)., 

Meikle (B. P. 2105,1901). 

Barbet (Fr. P. 398625). 

Ilges (B. P. 3302, 1909), . 

Becki(Ger. R appl. 658^12] 

Viator SaSewasscr & C* (pey. P. 238013; described in 
detail by Ldmmert in J. Gasb^euckt., 1912, p. 321). 

The opinions df .experts^ft the practical value of a continu¬ 
ous distillation of .goal-tar dfffer. The majority hold that this 
system in th?.^present case, where it is not merely a question 
of di|tilling in the ordinary way, but of effecting at the same 
time a separa'^ioh of the fractions, i^ not the best for coal-tar, 
bi^ should be resorted to only in such cases where the masses 
to be worked up t;annot ^be managed in the ordinary v/ay^.g., 
■in the case'oT petroleum oils. But this case may easily set 
in-also with cflal-taf, Iboking.at the enormously increasing 
production <4 ter if! cokc-making. 

Distillation of Tar far the Purpose of making Illuminating- 
Gas. 

The low prices prevailing for coal-tar products during a 
number of years have fed to'% proposal to, distil the tar in such 
a way‘that Pply thSse substances are removed which are 
injurious to the object in.question, while all the others, inefbding 
benzol, are converted ‘into i^rich |js. *Bavis' states that gas- 
tar oils, is well»as petrdlfum ijpirit* and petroleum residues, 
•become £asified»whilst*passing oygr*red-hot ^]jrfac&,‘and that 
about 50 culj fj, of 50-c^ndlf g^s are obtrflrfcd ^herebjj fray 
I giil, possessing a sp. gr. of,o-fi2. Taking the oils as 
weigftng,iO-8 llJitpef galljis, i to» would yield 16,600 cub. ft. 
■of’Jd-candle^a.s^approachiftg very nearly to theteomposition of, 
«ch carthel-gas. ln«ordei»tq, carry out thi*‘procf* of enriJb- 
gient op a,*practical ^scaie (sayt for.'iporfe carbonizing 50 • 
ttoirt of copl pe/ da)»), ••set of three l^-ton tar-stilis •would* 
have* tew be i»rojf!hed(»so tfiat*they mi^ht be workq^ yionseeu- 
tiyply, one alyays being run tff and replied. 11'he raw tar 
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is distilled In the u^al manner* apd the distillate' conveyed 
into ^hree ^ separate .tank^ A, B; and C, the still being 
stopped when a sample of the pitch, on being withdrawn^ twists 
eiSily at attemperature of 55° C., which signifies that it is of 
very good Quality and readily saleable (cf. Chapter VI.). The 
contents of tank A will remain liquid; those of tank B will, 
on cooling, separate naphthalene,'and'those cf tank"C crude 
anthracene. If tank B is consitrurted in the form of a filter, the 
naphthalene can be easily removed, and either worked up, sold, 
or used as fuel. The oils of tant?*C must be filter-pressed to 
recover the anthracene, after which the contents of all are ready 
to be made into gas. When .sufficient oils havccaccumulated, 
another still is filled with a mixture from the tanks J\ and 
B, and this is slowly distilled, the vapoufs /being passed 
directly into one end of a through-retort heated to dull fedne^s; 
thetgasified hydrocarbons passing out at the ofoer end by means 
of the ascension-pipe are. mixed with the gas frofcthe ordinary 
retorts. When four-fifths of ths contents'of thfe still have been 
vaporized, the fire is jvithdrawn and the stfil filled up with raw 
tar, which is distilled as before, and ^he pitch run out for sale ; 
after which the still is again ready for vaporizing another batch 
of oils. When sufficient oil from the anthracene has accumu- 
latedj it is distilled in whichever still happens to be at liberty. 
The first fourth ^s run into the’ creosote or B tank, the second 
fourth into the anthracene or G tank, the still being stopped 
when the pitoh will just soften at 50°, when it is-run off'into the 
pitch-house in the same mannerta^^when dealing with ordinary, 
tar. Ih this way any gas„works wotild be able to supply an 
illuminating gas of good quality without the aid ef cannel-. 
coal,' and to produce pitch* ,and anthracene of the ..very" best 
q,ualitr/. ' ' '' 

Trie calculation wouia ?un<as loiiows 

100 toils of ordinary coah give eaqh io,ocx3 qubj ft.'of gas. pi 
17 ctqjdles.j ^ ^ 

5 tons of' canijd-coal give ekh i2,ocx3 cub. ..fb of gas .oi 
' pS'candles.- ^ *•< ' , 

Coal produce 1000 x 17 candles. . 17,000. 
dann?jl ^ X 28 „ ‘ ' . 'Kt,68a 

* , , r ,, <■ c\ c 

In fil, to^ cub. ft. at 17-6 candlds. ' " 
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Taking coal and gas-ty :— 
loo^ons of cgaj give io,o< 3 b ft. oT i7-cand]e»gas. 

*8 „ tar-oils give id.cxJo ft. of 50-candle gai. 

Coal produce 1000 x, 17 candles = 17,000, 

Tar-oils „ 46-5 x 50 candles = 2^25, 

In all, 1046-5 cub. ft.et f^4 candles. 

D^vis thus makes out thatrfh^ 7,tons of tar produced from 
100 tons of coal [this is much ip excess of the average*!] has a 
value to the gas-m»ker equaf’lb nearl)^ 10 tons of cannel-coal. 
One through-retort^yill give about 500 cub. ft. of gas per hour, 
equal to the d.^mposkion of some 7 gall, of oil per hour. 

Davis’s statements are altogether contradicted by Lewis T. 
Wriglft .1 He^hows that very little is to be gained by incorpor¬ 
ating all* the Ijenzene of coal-tar with the gas. Taking the 
percentage by -wtight of benzol in coal-tar = 0-8, the per¬ 
centage of tae fin the coal as 6-6, and the quantity of gas to be 
carburetted per ton of ceals as,jo,ooo cub. ft., we have as the 
total quantity, oi co^-tar benzol available, per 10,000 cub. ft., 
0-1183 lb. Since it takes f-g lb. of benzol to bring 16-candle 
gas up Jo 17 candles, tjie above quantity of benzol amounts 
only to an enrichment of o-o6 candle, which is evidently un- 
remunerative, Neithet does the dry distillation of tar-oils lead 
to the solution of the problem. V^right mad? many, experi¬ 
ments-, injecting the oils into .a retort packed with lumps of 
caustic lime, kept at an orange-red heat, and passing the^ gas 
there generated tfarjugh* a^econd sinjilar retort. He thus 
obtained from crude naphtha as^ highest illuminating - power 
^0,130 cub.’ft. of gsis of JqJ Sandies. The greatest yi^d.of gas 
was 27,iO(3^cub. fUof 14Jcandles; »dien the >d(^d of gas fell as ' 
^oiv as*6ooo toJSo®o cub. ft,per,tor*the illu<ninating-powef did» 
' not j-i9|‘above 20,candles. The gns^rgm light oil in sixteen 
experirflente ranged from »8,ooo tb 30,000 ^ui.^ ft. per tdh; 
the.111uminatii^-]>3wer frem*i6 to 13^ cjndlgp. The Higher 
?■ iliumin^ihg-power oWtaineff with jreosote oil Vas* 14 candles. 
With a inaka»*of iSiSOQ ci#b. ft.; thg •g'^^^st yield »of gas 
‘ 29,300'cub. ft. per^n, «fitR*aji illuminating-pewer of 8Ji candles. 
k ‘in all thgse experiment w^th*tar-oils contirmal sto[^ig?» took 
kirface from obst8»ate accumulatiorloT na^thalene^in the„pipes,r 

’ /. Soc. Chem,*Jad,, 1886, p. 561.* 

• * 
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which seems impCsstble to avpid in^ practice; but, apaft from 

that^the comparatively low-yield and the yejy low illuminating- 
ppwer /of the gas seem to preclude the use of tar-^jils for 
gas-making eveli at the present I^ow prices. Crude tar, treated 
as above in reforts charged with lumps of lime, yielded on an 
average ip^'roo cut. ft. of laj-candle gas; and Wright regards 
tar as a gas-making material dear as a gift. " , ' « 

Dr Kraemer (priv. coiflm.), Slso holds that the treattijent .of 
coal-oils for the purpose of illunynating-gas is irrational. In 
this process but a small proportipn of olefins is formed, mostly 
free hydrogen and hydrocarbons of smalhilluminating-power, 
as proved by trials made by the Badisehe'AniUnj-«nd Sodafabrik. 

jj' 

Other Methods for distilling Codl-t^r. 

r 

Pfropfe (Ger. P. 28838) combines the working up, of 
spent lye from the extraction of sugac from molasses with the 
distillation of coal-tar.' He mixes the ^pent lye with ground 
peat and afterwards with co&l-tar, and ultimately distils the 
whole by means of steam. A porous coke‘’remains behind, 
from which alkali can be extracted by water. This process 
was tried on the large scale, but the resulting tar-cf!ls were 
worthies;;, and the enormous quantity of noxious gases evolved 
caused the wor^ to be stopped after a very short tune. Accord¬ 
ing to another patent of Pfropfe’s (96763), tar is mixed with 
half its weight of Jawdust, moulded into blocks, an^^ distilled. 
Thei distillate is to be worked up for benzol^ etc., on the_pne 
hand^and for acetene und acetfc jtcid on the' other; the residue 
is said „to consist of pure charcoaj. All this appears very 
doubtful.; t “ ' , , 

0 Markl (Ger/ P. 277502)'mixes tar v^th a vfery dilute £;queou% 
^alkali solution, allofws sfettld, and distils The' separated tar. 
TJie oily fraction passing^ over ^after ,the:, water is a .&obile 
liquid,having* a high ,calorific ,value, whilst,the residijd i: 
hn asphaltic pitcL- ' , , , 

' Melamid an^k Grutzingpr (A. Ps. 9856 0(^1912, 5484,91 
1913; LJer. Ps. 264811’276765, 2783^2“;^Fr. P. 443656) treat 
or ta^'-oils with ‘ phosphoric ^c|,d by heating dhd vigorous 
agitatiom,'( , ,, ^ .“ x 

■fhe Soo. 4 n. “Cava” ‘at ^ontegnde-lesliJai^eC.Belgljimi; 
«(B.' E; 298^7° of *1012: Fr. P. AtStAaf. treats oetroiefim fesl 3 ii& 
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(“mazout”) or coal-tar so as,to distilt^ifif the volatile con¬ 
stituents, jnd at thf’.same time to fcxidize heavy hydrocajbons 
and ta form pifch. The tar, etc* is heated in a horizontal 
cylindrical retort, not above ^oo° to 250°, and "a cujrent of air 
is passed through the retort above the level of tJie liquid, which 
is kept agitated by m^ns’of blades mounted on, ^ revolving 
shfcft. Sbme arthe lighter products are oxidized, so that the 
amoufft of the bituminous suUstsincIs in the pitch increases, as 
well as the yiqld of pitch, wiAftut any increase of free carbon. 

A similar process has been carried out by Davidson, at 
Dessau (quoted by'Purves,/. Soc. Chem. Ind., 1915, p. 331), 

H. W. Robiason ( 1 ?. ft 20767, 1913) treats coal-tar before or 
durii^ the di^tiljation with ozonized air or steam, in order to 
avoid tl^e “ craeping-back.” 

I » 

Time Veqtnred fgr working off the Tnr.stills. 

In the case of tars.of well-known qflality the duration of the 
distillation and the quantity of»the distillates furnish valuable 
indications far changing the* receivers. * The former must 
evidently vary much, accoitiing^o the size and even the shape 
of the St.ills, and according to whether the distillation is carried 
on with or without the application of steam, of a vacuum, etc. 

The distillation of faw tar takes considerably more time 
than that of dehydrated or ejien of merely centrifugalled tar, as 
the watjr coi\,tained ii^ the* t^r is of very^reat importance for 
th^ duration of the distillation. Some gas tars containing much 
“ free carbon," and taas ©f ver}jvfsci 4 qualtty must be distilled with 
very great,caution, and therefore sltiwly, whilst coke.pven tars 
confining but fittle cEfrbtm can bg distilled very rapjdly, 
espec|filly» in thS deh)^rated st£ft*e. General* rules for tjje 
duration of tl»e * 4 istilIatio»i caSimS, tj^erefSre, be grven, aq^ wi 
mUBt'gontent oura^ves with ^uotift^ a mimber/if special casp.- 
In Parts Ijie (fistillatio^ of tqns lasfe 3 k hours, 
c^olin^ included^* The firs^runnings and*li§h* oil ri^ i4houft. 

' At a London works a ftill ®f 2qpo g|ll. (say 10 tons) 
^paci^*i3 forked ofF*ev^y 24 hours. ^FSurteen hBu^s are* 
reckoned fdt the>^jstiflation?,ic^hours for coBling dowii,j-unning 
the pitcif, cooling agaJ^, a 48 'd recharging 
,Verjf sma|^ stills, of 12C^ ^ 11 . (=«6 totfs) ©capacity, art^ 
finisnedflr*!! or 12 hours.’Jbe fire is slack^eif aa hour 
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after comnjencing; a% hour Uter the distillation begins, and 
the heavy l)ils come over (5 hours after th^. ' ,, 

•rAt u German works tWe horizontal i8-ton stills take 52 
hours for working off and 12 hoprs for cooling. At another 
factory the stillS (very large, holding 40 to 50 tons) take only 
from 36 tq 42 hours for working’dff and 6 hours for cooling. 
At a third w'orks 25-ton stills take 36 hoiirr. At anotlfer 
German works they reckon 15-ton stills 4 hours "to the 
beginning of the distillation, hours for light oil, 2 hours 
for carbolic oil, i hour for anthracene oil, and 12 hours till 
running off the pitch. None of these facthries worked owi'th a*- 
vacuum. 

At an English works known to me the first runningsf from 
a 22-ton still take 10 hoilrs, the light oil (up to sp^^ gr. i-o) 
6 hours, creosote oil (including anthracene oi!^ 12 or 14 hows; 
cooling down till the pitch is run off, 12 hours.^ Immediately 
after, the stills are recha'rged. ‘ , f , 

According to Watson Snsith, in Lancashire 20-ton stills 
(.steam being employed at the close) were worked 'off four times 
per week when anthracene oil wa's not worked for; in the 
opposite case, three times per week, or seven times per foHnight. 
lO-ton stills are worked off six times per week. 

In the factories controlled by Dr Kraemer'the time;,of 
working* off their i^-ton stills is’iio to ii hours, inclusive of 
charging and^of running off the "pitch, hut only when . working 
with'previously dehydrated tar in a continuous way. , 

Aocording to RispiA (Clfew.'ZtvV., ipjoyNo. 31) upright stills 
working charges of 32 tpns s-f Vienna gas-tar (with about 24 
per cent.'Tree carbon) raquired in fS^^'to 1897 two'days,, with 
interr^uptions a\:<night, so thrft the distillation tt^lf In'ste^ front 
28 tot 32 hours. Th 4 sanje author, When wortcing with.ig-ton 
stiljs, reports the ^following,'data^ with previously deh);^rated 
^ tar, T,tle still s*were heated up at,6 a.m. (the “fest'ruh'ftingsr 
hStving betn drijlqn ."off during tl^e *del\vdratiori);. a,t .9 A.ut 
I came the “middle ojllsp’’ at 10.36^6 creosote oj),at n4S',t|(e 
‘anthracene oil; ai t.30 The fi'ringV^S ^stopped Und^the, ia|i| 
'pistillate '^rought,over b^ a vacqunj'while, thfi'lireyas bumii^ 
out; at 4 tlf^f pitch‘was, run mto the'pftch-cdbjer, aixS^at 4.3{> 
*^^e stpl'was (Aarged with frem t^r.. Hence th^slistiiratfejl ipf! 
16 tons requised only 11 hours. „" 
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Consumptwn of FuA. 

% * 

^ At,the Paris gas-works (distilliijg the tar in hor*zonta> stills 
without a vacuum), for 6J-ton stills 14 Ijpctolitres “cToRe 
.agglomdr^” was consumed. * • 

Rispler {loc. at.) states the fuel for the 33-ton stills, working 
■n8n-deh3rdrated*gas- and ccfee-oven tas-, at 7-5 per* eent. of the 
tar, a«d 3id. extra for steals for the 18-ton stills, working 
dehydrated*tar in a vacuunj* 7-5 to 8-5 per cent.including 
the dehydration, aSid 2jd. td^d. per ton of tar for steam. 

Warnes (/. Gaifighting'i^io, p. 132) states that horizontal 
retorts require^ both •more time and more fuel than upright 
retorts, viz., the former 3-5 cwt. and the latter i'5 cwt. per ton 
of tar. The Judl used in England ^r the distillation of tar is 
p^tly tJoal, partly coke,^and partly producer-gas. He prefers 
heating by protiiIc»r-gaSj not merely on account of the grqjiter 
cleanliness ftrfti the easier attendance, but also on account of 
cost. In a spedal case fhe cosl^of heating by producer-gas was 
only o-48d. ppr*ton, Against o-84d. for heatjng by coal. 

In Germany during recent years the heating of tar-stills 
by pr»dncer-gas, as ^ell as* by tar-oils, has found much 
attention. 

PeterseiT-Kinberg* eine moderne Teerdestillation, etc. 
eingerichter sein soll^ 1904, p. 60) makes the follftwing statements 
concerning a 5-ton stilf, heat'ed by coal of average quality. 

1 st stage ' Heating-up. —Coal burned (withouWa vacuum) 60 
kg.; time rcquirgc^ two* h^r«. The pumping of tar in'to the 
still commences three-quarters of vi holrr before lighting thq 
fire. Temperatifre abpuf jo° (thermometer placed in the vapour 
at tlljp ougrflow ?ipe). 

2nd stag^ 'First Ruti^ingf and Light gf 

coaf,*,when worljing from 130° .in#a^ vacuum about ijb kg.,, 
withdlrt a vjcuufti *168 1 ^.*; tim? requirejj^ *§ve hours. .The 
^^perature-fiste from ;'o‘*to 206°.* Tl^e laJfeFcorresponds tc 
a speSfTc gravity of ^he off, siinnipg out p? the csdler, of i-o al 
«0°. ,C*nsi*ihption qf.cooiing-water^alqdit^'Sg cb.m^ At the 
end of thit stagt theteifi^frature of the cqpling-virater oftghftc 
be aboBt 70* («^t Wo^ The tni^^Jure of fiset^unningi 
light oiI,l^s a specific gravi|y of at i^M ^ 

Carbolic Ofil-iConsumption ofcoa 1 .whenVorkitii( 



m the fiest distillation of POALIt^B * 
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with a tacuara 38 kg.^\^ithout a vacuum 45 kg.; time.required, 
one hour. ^The oil comes^ove^r between 206° and 240°. At 
240° it has a specific gravity^of 1-029 at 20“.' Consufhpjion of 
coOling-water abput 0-27 cb.m.; temperature of it when chang*"^ 
ing for credsotq oil 78° to 80°. Specific gravity of the mix^ 
carbolic oil = 1-015 at 15°. When .working for “ prepared tar,” 
the distillatfon is finished at 210°*, or* else it* is driven up,#o 
240° to obtain more carbolic acid, and the residue diluted with 
creosote *oil. ' ^ ' 

4f/i stage: Creosote Oil. —Coni fllhption of'coal with a vacuum 
30 kg., without a vacuum 33 kg.; duration, hours. Tempera¬ 
ture rising from 240° to 264“; the latter correspohding to a 
specific gravity of the oil then coming over of 1-045 20°. 

Consumption of cooling-wjter about 0-34 cb.m."; ^j^mperathre of 
it when changing for anthracene oil about 85°; specifid^-gravity 
of the whole oil 1-035 at 15°. . ' • ^ 

it/i stage: Anthracene Oil. —Consumption Of'coal with a 
vacuum, when working for soft pitch,'40' kg., for hard pitch 55 
kg.; without a vacjium 46 resp. O5 kg. 'Temperature rising 
from 264° to 296“ in the case of soft, pitch, and to 315° for hard 
pitch. 296° corresponds to a sp'ecific gravity of the oil sunning 
out from the cooler =1-07 at 20°; 315° to specific gravity of 
the oil = 1-08 at 20°. Consumption of'cooling-water for soft 
pitch = 0-32 cb.'m., for hard pitch = 0-45 cb.m. Temperature 
of it when stopping, at soft pitch' = 8^“, at hard pitch = 87°. 
Specific gravity of the anthracene oil in both 'cases'= 1-055 
at 15^ . 

Altogether for a 5-top still: consumption of coal with a 
vacuum^ when distilling »up fo soft pitch, 318 kg.,liwithout a 
vacuum 355 kg. When’’distilling up*,to- hafd pitch with a 
yUcuum 343* kg.* wiljhout a Facq,um,374 kg. ,< 35 nsumptibn of, 
coolifig-water up to soft Ipitch i -82 cb.m., up to hard ^•pitch 
I -95 cb.n 

YUlds. 

In t^e followii^ ^tjes the yiel^ls of the diffeipntjractionii 
obtained in distilling co^-tar frofn ti.rious s^rcea, are*giveri?!|, 
But there data are not flirectly fcofnparaijle 6ije .with ,§hothfi*;; 
as we^ave felmthat th 4 fractionating is not dqne in the sfitnb*: 
Way iri’allcfacfpries. 
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English Tars. 

To simplify matters, we shill |t th^ Same titrie quote the 
quantity the final products, whq^ever they are stated.* We 
shall, however, leave out some of the tables jontainecf in 'tfle 
former editions of this treatise, to make room Jor ftiore recent 
data. 


Average of'my own Result^ witJ^ i ton of Tar from the 
“ Midlanct Vounties, 

Ammoniacal lft}uor >« 3 gall- 

First runnings . . ■ . 5-5 to 8, average 6-33 gall 

^ight oil . " . ^ . . 13-5 to 15 gall. 

Creosote oil • . * . .68 gall. 

; Pitch (hard) . .’ . ti cwt. 


/'inat Products from the Same 


• 

« 

Average. 

Uiniuium 

50 per^cent. benzol *, 

., 3-30 

3-o 5 gall. 

Bestnaphtjia . • . 

. 2-40 

2-48 „ 

Burning n^htha , *• 

. 1-50 

1*62 „ 

Creosott ol directly distilled. 

. 68 • 


)) » tt*t 3.1 . • 4 

. 80 

80 „ 

i*itch (hard) . _ . 

. 11 cwt. 

11 cwt. 


The following statements are from Chemistry, by Writers of 
Eminence, Mackenzie,’i.l pp. 500 and 506. 

The average pr»dufe fro|p I20(J gall, of tat- (about 6 tons) 


is;— 

^ ^Per cent, by weight. 


Ammoniai^l liquor 

, about 

;o gall. 

= about 44 

First light oils* ^ ^ 

♦ • » 

•40 „ 

.. i-5 

Secojd light oils , 

f, 

20 „ 

- „ 1-5 

Creosote oils'* . 


250 >. 

„ • ,22 

Antju-acene lyls • 


50 „ 

. ‘ 4 • 

Pitch_ i* *. - 

, • f » 

4 tcfhs* 

• 

61 , 


• Acording to, J..e|heby, i ton S{ gas-coal, as distilTed in 
I^don, giv^ ab?)ut* 9 to*^o gallf of tar * .ton of, coal as 
(JistHlfd.iq thp pfovinces»gives about 15 gall, ^f'tan 1600 g^Il.. 
of London far yield 


AmmoniacaUiquof • 
Crud^naph»a(fir?t light oils) 
S*ond %h»oils * * 

CNOsote(|ls 


20-ts gav-, -average 24 gait. 

11-30 „ . „ „ 

4 - 8 ' 1 * >», • » 

^375-26% „ i 488 

3 -3-4 tAis j-5 Sons 
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After purification Jhfese light oils )?ield:— 



Gallons. 

4oper cent, benzol 

• ' • 3 - 44 \ 

90 - ‘ 

• t- 3 JJ 

Solvent naphtha 

. . 4-i8 

Last runnings.' 

t-i 

Total dead oils 

. 301-87 


A, J. Dickinson gives as the a^jjerage yie^d from looo gall, 
of London tar:— 


GalloQR. Fer cent volume. 

Naphtha (containing 6 per cent, benzdl) 30 • ' 3 

Ammoniacal water . . -30 , , 35 ;: 

Anthracene (at 25 per ceht.) . .10 * 

Pitch . . . . ■ . 650 , _ 65 

Creosote, lubricating-oils, carbolic acid 280 28 

1 

The figures given by Lethe 2 >y and Dicljinson are .somewhat 
different from the f6lIoIving, given on oath, in the course of'a 
lawsuit, as the average yield of jLondon tar (supplied to me by 
the kindness of Mr S. B. Boulton). The first column rep‘resents 
the results obtained at the Silvertown works of Messrs Burt, 
Boulton, & Harwood; the second, tliose obtained at the 
Beckton works of the Gas-Light a®d Coke Company (these two 
being among the largest tar-distillers Ln the world).® In the 
first Qolumn all the oils are dehydrated and the water is included 
in the jjercentage of apimonUcal li’uor:--*' ' 

V jj 

Si’.veij^own. ^ Beckton. ' ■ 

4-*6 ' ,, 2 - 00 ,, ^ 

^1-50 of 455;‘ 1.66 of 30% 

\ at 120* at 120' 

- DC , ,K 


Creosote (ccwtaining naptfihalene) . 

■ i^*i6 

-1,5.70 

Anthrac 4 .ip oil fstiained or green c^) 

14.00 * 

“18-83' 

Anthracene, looker£ef#, 


•V 90 c 

Pitch' . 

d«tCio. 


Loss, 

»'■ 3 - 2 % 

« ^ 4 2-00 , 


100-00 

?!ip>eo * 


Ammoniacal liquor . 

f < 

Cj^ude na^tl 
,Light oil 
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Watson Smith obtainfd in 1869 from,i,ancash^p tar, mostly 
made from cannel-coal, the followjjng results:—Ope thousand 
gall, ctf tar of sp, gr. m 6 = 5-3 yield:— 

" Percent by weight. 


Ammoniacal liquor (4 per ceSt) , 

25 gall.. 

=’ 2.2 

First light oils . .. 

■ 28 

= 2-2 

Secoad light ails . . • . 

• 131 » 

= • 10-6 

CMOsote eils , ■ » ■ 

. ' 87 „ 

- 7-6 

Anthracene oils * . 

. 191 „ 

= T6-9 

Pitch , CvJ . 

3I tons 

= 60-5 


, •• 

’ On further rectification these distillates yielded :— 

90^per cent, benzol . . about 6 gall. 

^•Ivent naphtlia •. ,1 74 ,, 

Carbolic acid . . . „ 6^ „ 

30 per cent, anljiracene . „ 0-50 cwt. 

Equal to pure anthracene -• „ 0.15 „ 

• * * ' . 

• 

According,^ Watson Smith, the richest and best tar comes 
from small gas-works, because at those works the greatest 
possiMe yield from thf coal is not, as at the large works, a 
primary consideration. There are contractors who drive about 
the country* buying ufi^uch small lots of tar and gas-liquor, and 
taking them to tljg^ar-distiyprs foj sale. 

Conjpare also the Jesuits obtained bylCohler, quoted p. 442. 

The following table, compiled by Sir Henry Roscoj from 
statements cilleottd.by \yatsotj Snyth and I. Levinstein,' 
represents the average jield o^ products from LancasTiire tar, 
together with Some .ktaresting sAtements conc^rping the 
dyeftlg-Miwer oS the? aJlificial colcaJrs derive^ ^herefrom ^' 


One^'ltm qiLanedStih'Coalyields,njuhen in G^-retorts, 



hediiire delivered at the Rayal InstitutioUj i6th Apjil, f88^p, 7. , * 
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Twelve gallons of Ga^-tar yieh^ {avet^age of Manchester ana. 
, ‘Salford Tar ):— 


Ben2eDe. '' 

r 

Toluene. 

< 

p 

f 

Lb. ■ 

Lb. 

MO 

0-90 

•= Aniline r ; 

Toluidinc 

I-IO 

0-77 


Phenol 

Bolrent Kapbtba 
t for Indiarnhber, 

-T- 

Heavy 

proper. 

containing the three 

Ifapbtba. 

— 

Xylenes. 



-Magenta 0-623 
or MO Ib. 

Aniline yield 
1*23 lb. Me¬ 
thyl Violet. 


Lb. 

f 2.44 

yielding 

ja^. 0-12 Xylene= 
li ^ 0*07 Xylidtne. 


1 Naphthalene. 

Creosote. 

Heavy Oil. 

-- 

Anthracene. 

*' Pitch. 

( 

Lb. 

Lb. 

hk 

i l-v- „ 

Lb. 

6'3o 

' 17-0 

M . 

0-46 

69-6 

a Naphthylamine 

f- 


5-25 



r f 


— a OT fi Naphthol ♦ 





4-75 



] Alizarin 


= Vermilline Scarlet, RRR 

f 


i 20 % 


7 -n, or 

=• Naphthol Yellow* 



j 2.25 


9-50 


«* 

1' 



* The n^hthol yellow is a representative colour aaphthol, while the 

vermitline scarlet is a repr^l^entative colour Jroiri .the combination of a naphthyl- 
amine with j8 naphlhol. ^ ^ ^ 

c 

Dyeing-powers of Colours from I ton Of* Dancashire Coal. 


I , Lb. ^ 

0-623 Mrgenta dye 
f 500 yards 27^indne8 wide 
Flannel a full shtfde. 


I-1% MethyTViolet dy« 
1000 prds 27 divUies wtde 
® Flannel a lull Violet. 
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' Dyeiftg^power of Colours fr^ i lb. ^ Lancas/ure Coal, 


-- '. 

Mftgenta 
a piece of Flannel 
8 in.*by 27 in. 


Violet • Yellow < 

a piece of Flannel . a piece of Flannel* 
24 in. by 27 i*. ' 61 in. by 27 in. 


Sciylet 

a piffce of Flannel 
4l*in. by 27 in. 


Orsige 

a pipd of Flannel 
1.93 in. by 27 in. 


Turkey R?d* 
u piece of Flannel 
4 in. by 27 in. 




The following,. statistics' have been kindly supplied to 

ne by Mr Wilton, nia^iager of the Beckton tar-works, as 

eprosenting tie* production of the United Kingdom in 

88 ^:— 

r 

' Ammoniacal liijuot from tar alone 

Carbolic »cii (crude) . . , 

Creosote oil • ■ * • • * •, 

Of this ther# was^liquid creosofe 
creosote salts 
(= crude naphthalene) • 
corresponding to ^ure naphthalene 
Green oil^ . ^ • 

Benzol and^^uol. 

Solvent naphw!^ • . . • 

Antb*acene.(pnre)=6fi40,ooo units— 

• Pitch I ., 

Total. quantity of tar disglletl,^ 120 million gall.; say 

645,000 tons. •/ * / 

A sti*emqjjti*in theT 7 i««. Zeir., 1879, p.rf4^T puts tl^ yipid 
from 11,250 iKre'S (= 10 t(Jns)bf Condon Ar at, * 

55*per«enUben!!8lf ‘ . * 12-96 lib#!% i-ipercentf 

1 ^ - P. 1 -T r —• T.r» • 


Oallons 

. 1 . Tou» 

3,600,000 

1,200 (oj sul¬ 

600,000 

phate). 

21,600,000 

10,800,000 

t 

56,620 


25,310 

24,000,000 

1,50(^000 

620,000 

• 

3,420 


395,000 • 

• 

• 


' golvent naphtha 
Btfmlng naphtha .• 
Cteoyiterfill ., , . 

Anthraijene cake {3a.peiafcnt.) 
PitcJ> 


^ 2-15 „ ” 

16-75'-• •= *-f u 
37 ^'? ^.>> = 35-0 
11-25 „ = i-o_^ „ 
• = 5 S’ 6 # •,) 


*KJTi rosuivs obtained^itfi £riglish coal'tarj d^irlTig txion 
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recent R. Warops (/. Gas Lighting, 1910, p. 132J mikes 
the follovvii^ statements:—^ *___ 


—-^ 

-.. 

f 

1 

/ 

TorkshliQ tars. 

..«, 

North Country 
tars. 

-- 

r 

Midland tars. . 

A. 

B.‘ 

Water . *.* 

Crude naphtha 

Light oil 

Middle oil . 
Creosote oil . 
Anthracene oil 

Pitch . 

—1 

7-3 gall-' 

per ton 

14 « 

23 

35 'i .» 

28.1 „ 

9*3 cwt. 

I <8 gailt 
per ton 

12-3 

*•*5 

53*5 ' .n 

6<3 „ 

11*5 cwt. 

n«5 percent. 

< 

0-9 ■ 

3-0 „. 

15-6 *^.1 

10*4 „ 
57 * 5 '* .. 

+•50 gall, fj 
per ton 

+■36“ „ 

l8'20 „ 

9-20 „ 

} 3 I- 8 o - „ 
la-poifwt. 


Wyne-Roberts {ibid^ makes the following statements 
concerning various furnaces:— 


Tai from 
horizontal 
retorts 


Tar from 
vertical 
retorts 

Tv from 
slanting retorts 
Tar from 
chamber ovens 


Specific gravity 
at 15 % 

4 

8 

5 . 
1 

Water. 

no 
® S 

sst, 

€ 

ll 

g&' 

1 ® 

0" 

S 2 

t t 

Anthracene 

0 * 1 . 

1 

s 

% 

J 

-a 


i 

per 

per 

per 

per 

per 

‘ per 

per 

per 


cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 


( 1-20 

abt. 20 


3*10 

7.68 

lO-IS 

11-64 

62^0 


1 1*25 



MO 

13/.0 

13-20^ 

... 

72-60 


1 1-22 


6*0 

1*40 

10-50 

if.14 

... 

8l-8o 

... 

\ 1*22 

2870 

... 

1*10 

i 3 ri> 

13-20 

..1 

72-10 

9-00 


2 to 4 


. 5-85 

12-32 

11-95 

' 5-95 

49-75 


1 I-I 2 

0*40 


1 -Z 9 

21-90 



54 - 8 o 

■s-fo 

i i'n9 

f 4*20 


3 iJ 0 

20-20 

23-10 

... 

5260 

^0 

1 ‘’“2 

0'6o 

... 

2.30 

i6-po 

20-80 


4 o 60 

360 

[ 1-095 

2'60 

2*20 

4.40 

28-20 

19-20^ 

i) *** 

47.50 

••• 

] I-l8 

if-IO 


0-48 

SO -20 

30-10 

... 

53-90 

4-70, 

} 

t 1-07 


< 

iO' 8 o 

lio^-oo 

30-Q0 

... 

39-20 





, ”« '• German Tars. 

Ta'i from the Berlin Ga\-works {“ them. In^.f I879, p. 282]. 

r ^ ^ ‘omt. Per^. 

Beniol (inclUdfSrg toluene, etc.) . 

Other colo’urlpss oUs (higher homologups) 

Cryst^i^ed oerholfc acid . , •». ■ 

Cresol for disirfecting purposes 
Naphthalene ^ 


*o-8o _ 
a-So” 
O'JO ' 

0-30 

370 


t 

Crf (%te oil ,. 
Anthra^fse (pur*)' 
Ktch • t ' ' 
Watw and Joss 


‘ 5 -* 

J+'OO 

Vac 

I S'*: 
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According to Hauss|rmann {Indu^tige der Theerfhrbstoffe, 
iS8i, p.J[,^), 100 parts of tar frofti C^erma* coals yield— 

5 to 8 per cent, light oil, 

*5 II 3 ° » creosote oil, 

8 „ lo „ anthracene oil, 

5° » 5J »•, pitch. 

The final^jft-oducts are— 

0-6 per cent, b&fene, 
f<D'4 » ^^luene, 

0*5 „ •fligher homologues, 

8 to „ pure naphthalene, 

5 ^ ' » phenol, 

0'25 » 0*3 „ anthracene (pure). 

• • 

According to G. Schultz {Chemfe des Stcinkohlentheers, 2nd 
cdT, vol. i., p. 6f)<hf re wire obtained, in a Rhenish tar-works. 


from 100 parti of tar:—* 

Per cant. 

Purified b?nzontor aniline an(i as a detergent) . loo 

Pure ajjtlftg^en? • « • • °‘33 

Pure naphthalene . . . . ■ z-oo 

, Creosote oil . . . . . 3000 

Pitch . . , . . . . . 60-00 

Ammoniacal Jiquor .... 2 to lo-oo 

•» 


Kraemer ?t^^pilker^ make the follotfing statements, 

founded^n the results^ of a number of th* largest German tar- 

wrks. HeavViars, with 25 per cent, and upwards of carbon ,* 

an5 sp. gr. dver, ^-2^, yi^d.frojn 32 to 35 per cent? oily 

distillates. Normal tarS, of sp. gr. i-^6 to i-2o, yield* 38 

to ^o-per cent, ftils, ligiitir coKe-taie 42 per cent, and more. 

At faur Gj^rman/acteriV, working.vt^th different rafr material, 

but otherwise^'fcfuctly uncjfr tfee »me cojjdJliAis gnd t<gr.h rty 

samef^pparatus, tjie following resultKwfre obtained;— 

NA* i. "Jar f 4 )iTi^ileMaJi gas-eoal. j^*, 

No. II. Taffrom gas-iforks, whAre much. Saxon coal and 
##•* * 

- 'paraffinoid addtticns ^ere usto.* • t 

N^. IiH.»Tar froni ihe«coast, whep* n^sjly Englisjj coal is^< 
• usedt • , 

No.'rdV. 'Paaft'oni^Saai'cffels, witli addition of .paraffinoid 

S2*i-‘ . . . . 

M^J^t-Stohmann’s ^''"'),^tiii.f p. 14. 
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J Rtsulk^ 'of DistiUatm\ per cent. 


No. ' 

t t 

f 

Water. 

r 

Pitch. 

~n - 

1 

Total oils. 

Llfibt oU, 
O-filO-0-950. 

UidiUe'oft, 

1-01. 

Creosote^ 
oU, 1*04. 

Anthra^e 

m, no. 

I. 


/S-I 

41*3 

2*1 

12*0 

9-2 

iBo 

II. 

4.9 

5J.2 

41*8 

*■5, 

Z2>9 

ZI<2 

15-3 

Ill, 


59-9 

n-sr 

3-J 

r 9-4 

7.0 

17-0 

IV. 

4-5 

59-4 

SS'u 

3-8' 

10*8 

.^8.6 

12.1 4 


• I ' “ , 

The yield from normal tarsf'may be taken as follows:— 

Light oil . • . o-gio'O 9-50 3 to 3 per cent. 

Middle oil . . i-oi ft} „ 12 „ ^ 

Creosote oil . . 1-04 . 8 „ 10 „ 

Anthracene oil . . i-io i6 „'"i8 „ 

Coke-tars (according te those authors) do lioA materially 
differ from gas-tars. On the whole tliey yield less befizol ^d 
phenols, but rather more anthracene^ OK-gas' tars, however, 
possess quite a different character, correspoliding to the 
paraffinoid nature of the raw rpateriall They 'yield no phenols 
and very little pyridipes, and the oils conta'm mfichless aromatic 
compounds. Oil-gas benzol always contains much olefins: 
the middle oils contain but liAle naphthalene, and the- he.avy 
oils hardly any anthracene, which is, moreover, contaminated 
with methylanthracene, etc. Blast-frfhace tars' occupy an 
intermediate position between coal-tars an^qil-^dS tars. 

According to Hpusler {Chem.' Technologie, 1905, g. 188) a 
German tar-works in the year 1893, using bath* gas-tar and 
coke-oven tar, had the following,yij:ldr of [jutp pfoducts:— 

4 Per cent, of t>he tftr. 

3 enzol and toluol , . * . . -. o-*2 

l^ylol and solvent njiphtha . 0-62 

Phenof , , . . * . ' o-4r" 

-retols . I . .r . . » . t.y 

^laphthalene . 6-40 

Pure anpijfjene < ‘ 5 '' f . 0-44 < 

^ Acedrding 'ro, the^am'e author,^ Upper SBl&sian coke-o^ 
tar on thS’<.avd'agel'^ of sex,eral * years fielded 20 per" cen 
’^janthracepe oil, froCi o-s to o-yiper. cent. pufe^anthj;acen 
(calculate^ pn 100 raw tar) was obtaji'itd. ‘ Vaffous descrijtioi 
of Uppel'Silpsian tai;, yielded o-^ to q-2 ^r ^ettUbenzlids. H 
estimates thfe1)true per^intagoof cresol at 2-ol^jer cent, 

• of naphthaiep.e at 9 to 10 per centj ‘ ’ - <> 






YIE&DS 


MJ 


According to i prospectus issued i^i.iSgd by tjie Badische 
Anilin- und Sodafabrik, iooo*kg. coalVield 50 kg. tar, and 
these ^aln yield 0-4 kg. benzols (=0-3 kg. magenta or c^5 kg. 
anilinf blue); 0-3 anthracene ('=0-3 alizaring or (13 lliza'i^ne 
blue); I'O naphthalene (=cf3S kg. indigo). , • 

Rispler {loc. cit.) quotes average results obtained by the 
Bnperia^ Continental Gas Associatioti in Vienna Vith gas-tar, 
containing about 24 per cent, fret carbon, distilled in 32-ton 
.stills without a vacuum during the years 1894 to 1896:— 

• Per rent. 


Ammoniacal liquor . . . 4-27 

Light oil •* . . . . • 4'06 

Middl^oU *..... 10-38 

Creosote oil . . . . . 6- n 

^yj^aftne oil. 13-71 

Pitch ...... 60-49 

Los.s . • ^ . . . . . 0-98 


100-00 


The aver_age yield from cokft-oven tars in the Ruhr district 
during a nun^MMof years, according to Spilker (I.) and Rispler 
(II.), are as follows;— 



r«p cent. 

Per cent. 

IT. 

Ammoniac^) litjuor . 

2-69 

3-86 

Light oil . h . 

Middl^i^^. ^ 

Creosote on . 

1-38 

1-24 

3-46* 

- t 9 -y 3 

1^-02 

8-50 

^nthrtifene oil *« 

. 24-76 

18-68 

Pitch ,. 

- 56-44 

54-56 

Loss ' * 

1-34 



IOO‘CX) 



Belgian tar, ^istfllel after dehj^df-ation in l<-to^ still# with 
a vacuum, aqJiS^ing to ftispler, yielded the iollowing tverhfe 
resuSs* * 



Per cent. 

Amljtopiacal liquor . , 

, 4 - 14 '. 

;.ig5»t oif . • 

i-o 3 

Middle oil 

'^•38 

Oehsote oil , , 

7 - 9 ^. 

4nthra}ene otf . *1 . * 

20-26 

PitcJ 

5^4 

Loss- 

Jrfl-OO 


■lOO'pO 
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The'Wife of dJatill^g a ton of this tar were as follow - 

* - ^ f. 


■W^ages . 

Coal (2-5 per cent.) 
Sfeam I 
sundry materials 
Repairs . • 
Amortisation . * 


Mftrlia. 

1- I 3 
0-24 
002 
0-22 
0-65^' 

2- 65 


The price of coal was ij^o hkkk per ton,' the wages per ton 
5-0 mark for the foreman, and 4-5 mark for the attendant to 
the stills. , ' f ,, 


The cost of wages and the amount of amortisation is gceater 
in the case of gas-tar than in that of coke-oven*f:-?, owing to 
a longer time for distilling, etc., in [the following proportion, 
aconrding to Rispler;— , ' ' 


For (jas-tar. For*cokti‘Ov«D tar. 


Wages . *" . 

o*Sl'tnark 3 « 

.0'5i marks 

Coal (7^ per cent) . 

F-I 3 

*' 1. 


» 

S learn. .r 

0-35 

)) 

•' '■r.'j 


Sundry materials 

0-12 

f. 

0-12 

5} 

Repairs 

o-'ii 

» 

0-31 

5J *’ 

Amortisation . 

1-35 

„ i 

0-84 



4-07 


3.26 



I (' « ' W*"* 

The cost of distilljing, of course, also depends on the^quantity- 
' worked up and on the way of distiU'ing, as .pointed out by 
Rispfer. ^ , , *•{ f ‘ 

Sta'icments of the' yields' of products from distilling coke- 
oven tars'have been made-on p*p. 147, ce^.; from wsfer-gas tar 
on pp. sec. 

l'Oh the (por'iiihg-fapacity ^cf § tcpr-distillivt^'plant Riypler 
{loc. Hti) makes the following statements. This capacity' 
depends both pflyfhe nature of'the- tar 'arftf of^ tf^ sfyle of 
working; GasHap, with its high pel'cegtage oi W'Ster, eonstjlS^p’ 
- abfy prolongs, the? tWe of distillaticJ!!, so that 32-toh stilts part'* 
^;pnly be. worked ^ ^vdSqe per weak. (, Jhe highitparcentag*^ 
of free carbon in ga^tar leads to a iltrong deposition of co^e, 
necessitaCis^ frequeiit^ cleanings'bf'the sibll, Sitolwst ojsse afeeif; 
five ewporatltins^ Alt^etherp, a 32-ton stilF ^3.. i*. tweW> 
^onths,‘that,is in 300 working-Jdays, through “‘blip® tons®of» 
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jas-tar. By the application of a s^aration of 

:oke -is diminished, an<f bett*r result^ are obtained. The 
listillatioR of coSef-oven tar in aVacuum admits*of wbrkijig 
iff '3<j 'charges before the still requires cleaning out, so that 
i 32-ton still gets through 38i}0 tons of tar per annnm. When 
working with dehydrajied ,tar in a vacuuijn, *an 18-ton still 
lllows of maljkg 30 operations before having tcf be stopped 
for cleaning.. In 300 worlyng-dg.ys 270 charges of 18 tons 
each can be made, that is *4S6o tons of dehycTrated tar, 
corresponding to *5050 tonj|jr|iw tar. 

• .* 

Testing of far oft a small scale or in the. Laboratory. 

l^a sajjj^ af tar has to be tested for its yield on a smaller 
scale, it# distillation must be earned on in exactly the same 
way as on the far^e scile. The result will be all the more 
reliable the, laj'ger the Scale of the testing operation. Wfien 
distilling, say, jo gall, tbe results wifi be only approximative, 
especially fey ijpnzqj and napJstha. It is better to employ 
small stills Bb’.aiilg 80 to 100 gall.; but'it is even preferable 
to distil 200 to 250 gait fr#m a light oil still (Chapter 
X.). 'rhe products a;jp separately weighed and measured; 
and light oil napljAa are tested for their yield of benzol 
and naphthst^gccording to the rules given ^t the close of 
Chapter XI. # • 

Wheft th» testing tif tar- must be performed with ordinary 
laboratory*appliances, the following hints by Watson Smith' 
will be found extretnefiy ivaltial>le,«and Ste therefore qupteJ in 
extenso “%*',*• «• 

‘■'‘Jt is well known t« those who h^e attempted di^illa- 
tionjbf sSmpj^f,of coal-tar (wo^ 3 -tar is }us* as difficult .t^ 
man^e) that, owing to ttte invarial^e presence of watenf often 
in*cop^yerable afjoyrrt,'th«rn is extreme di^dhlty in the earlier 
ojpjfra o'f th# prjicess to prevent bafling or fnothing’ "over of 
the contjnts'ftf the ratorf. •iSp^etimes dilp|o|brtio*ately lafgc 
iron retofts^re used foj sqfh trials of ^dl i^antities of tar, in 
order*to le|ive a^ muijh »(»pm as posfflbleVor frothing* up. By 
the metjjod a|}oj[t*to,l^ deSetilied, we Jiavg Used, in Ae labora¬ 
tory of jthe Qpwens ColTege, only large'glasg i^fbrts, l;oldin| 
' y. Soc. Che^. 7^., 1883,*p. 496 
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about 2| litres wiS^en fiKed to within | of an inch of the becdt.. 
of the retort, and hav?^ found n o difficulty in fractionating the ‘ 
ta| hi sudh apparatus when the proper' precauffon^ tvere 
observes. The following are the salient points in the bjethpd' 
I have devised' 

“ The tar is fir,st freed from water as much as possible, by 
placing the 'containing vessel {e.g.,t\ large glass Jaeaker) in h6t 
water, and allowing to stapd for about a day and night, the 
beaker being well covered with' a glass plate. The. reduction 
thus effected of the density and fe^Tacity of ttfe taf allows of the 
separation of water with greater facility. If the tar be heavier" 
than water it settles down, and the water, rises^ forming a layer, 
which, after allowing to cool, may be decanted off. Frequently 
a great deal of water may be got rid of by ino!ini«yi-the vessel 
alternately in different directions, when, if the tar be''a he%vy 
one, the water collects and flows to the point of inclination more 
rapidly, and so the portjon accumulated may he decanted off 
before the tar reaches that poiqt' In the' case cf atar or tar-oil 
lighter than water, ^ subilatant layer of water forms by the 
warming and settling process; and in this case a'toleiably wide 
siphon or run-over might be us«d, or, from a beaker, th^ tar-oil 
might be merely decanted.” For the s(ecific gravity determina-, 
tion, “ a measured quantity of tar (say i/.hrej; settled or partially 
dehydrated as above, is run into a previou^ t?.Jd vessel, and, 
after cooling to 15° p., the fatter, ^ith its contents, is^weighed. 
These data are sufficient for the specifio'|ravity.. ’ The ordinary 
specific-gravity bottle would b? q clum^sy^. contrivance in fhis 
casfe. 'For the distilltM’on fibout 2I litres of tar are taken and 
poured hito a large gla^s re2ort arranged cfti a st?nd in the 
usual wayf The stand is*phl.ced in a Ijtfga irijn tray jvitb high. 
?ides (about 6 toJn.), thej,botJom of which* •fl.coyereiTwith 
sand I'o the depth of i anf-neb or so? TMs arraiigerneij1gis,to. 

.afford protectio,n‘'t* the opevator, in “case"of (Occident, ghiffl 

tube, besides 'the thermometer, i# inserted through the'„^l^ 
acting as a'stopperf ^his tube isedtawn Out to a smaira^rtnr^ 
Land is caused to ^ abdSit half-way fco the bottom' «f fee retc^ 
from'the surface of‘Jhe far. A slo*'’current*, of air is f>asi|| 
through't1te,tabe diyi^forced thft)u|h thi?jtai^' the ^tnjpc^ 
luteof the tSs* ia carefuHy and not too quicklyIJrai3edv.tao,if^& 

■4.^.0 . C.-.. . 0 ent. • i.-?_ 
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i day Of two, untif all ammonia-water*!^ e^^lled.* If the tar 
se a heavy one, a. layer of aiomonia-^ater may *form on its 
iurfac| affer {leatiflg to 6o° to 70° ffer some time. If the*la;^er 
be offbnsiderable thickness, it wilf be advisable to ,remove*he 
stopper and decant it off. ‘Frequently a slow distillation for 
about a day or more m^y tjjus be spared by jn operation lasting 
9 few minute^ Mly. If the 4 ar contahis much spiilPor benzol, 
the receives, ^hich should jse ooe with a second opening, 
admitting a cork, is connected with a wash-bottle containing 
some heavy, oil, to retain nlj^tha vapours else carried off by 
the a^-current. - Tlie naphtha is afterwards recovered by blow¬ 
ing wet steam tljrough t^e oil, the vessel being connected with 
a coqdenser. The volume of the naphtha is then measured. 
When allwwtfter is removed from j;he tar, the distillation will 
pWJceedPquite smoothly.”, 

I may also bt allpwed to quote my own directions for testing 
tar in the kbaratory, as* given in th^/. Soc. Chem. hid., 1^87, 

p.581:- * • • ,* * . 

“ Such an inwestigation cannot be exjected to yield useful 
results, ImlMS somewhat large quantities are taken in hand, 
But irva scientific laboratory it|is difficult to employ more than 
a few kilograms for eadh distillation. The results thus obtained 
will never ^exactl^' a^ncide with those obtained in manu¬ 
facturing pftj^.ice, blit experience proves tiat the^ give e 
very good idea of tte *genefy qu^ity of ^he tar. It would b( 
mostToffvenihnf 'to employ for such quantities djstilling vesseli 
mSde of metal, anj^ ^ would,indeed, strongly recommeriti thii 
for factory laboratories, all me m8rf as *t is thus easy <0 ^orl 
upon ver^ muc'hlarger^j&yititiA But ir» scientific laboratories 
wlieie, fpr more rea9of% than onq,,ili is out of rfhe ^juestion t( 
dism a hundy^yeight of tar, or^some su,clr* qftan^ty, it»wil^ jpi 
ajw^s preferred to accurately ,olye|;ve the progress ‘of thi 
operslt^n»and flpi» ft'is^nly possible toaio^n glass rejorti 
•.fgecially tjle<dphydra1jotfof the ta^, such asy^ll be descrij)e( 
iiirther brlj-can be hSrdly ‘Saaried^out in*a 4 ^ oth^ way, whils 
^it is compaR-atively eajily^one in gl^ r^to/fs. Watjpn Smitl 
hasi fiso ufied sijch for hi*investigations.' . , 

: ret»r^»weA tulAilSted, homing about,^ litres, an 

.wire heated fa a kind ?f sandrair bffth—thsst ^•in a suitable 
,'l^ped.«htfVrought-iron-di5h,lhe bottom of wl^h*yaS,coverf 
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by a layer of san^^ i fin. thick. About half of the retort tw, 
within the' dish, Md ,'the whote of it, down to the sand, and 
influding the upper part ‘of the neck, was wtap^ed ground 
with wire gauze., The heating was done by a Fletcher’^ gas- 
stove, placed in a large flat pa!i, partially filled with sand. 
Hence, in case of, an accident, the tqr would have first run 
into the upfier pan, fornfing the sand-air bath,,and anything 
boiling oyer from this would, have been paught hi the 
lower pan. ' ° * 

“The tubulureof the retort w^sj^tted with a twicf-perforated 
cork, holding a thermometer and -a tube,, drawn out (pto a 
capillary at the lower end, with the object of passing a minute 
current of air-bubbles through the liquid, in order to prevent 
bumping. This precaution, first introduced by’BiVtmar, and 
also employed by Watson Smith, was,.found to be vei’y use&il 
indeed; but it seems possible that the ain-curreftt might carry 
away a minute quantity pf benzene. ‘ ' 

“The retort was, during the.fibt p&rttif thesoperation, con¬ 


nected with a Liebig’s condenser, so Icfiig.as Jhe distillate 
remained entirely liquid. When it began to partly Solidify— 
that is, between 170° and i8o°-Athe cooler was removed; and 
since now the last portions of water hf(d been volatilized, and 
no more bumping was to be appreheipfed, the current of air 
was discontinued! The last of the water e^appsbbetween 140° 
and 170° with explo^'ve violence.,'’ , ^ 

' “ The distWation of 2J 'or 3 litres 6f tar took about eight! 

hours?‘ It is defcidedly advisable, tq carry, it 'right throu^ 
without) any interruption, Aioth b^cafise the heating-up, after 
',the contents of the retort hJfve bqeh«semi-soiid or soljd on 
cooling, is W^s an awkw^fd operatii^h,-and,., because dniing 
tk^ co6ling-dowh dn^ the hqatiijg-up a consi!S(-«)ible quamity 
of substance passes oyefi fer below, the proper bcvljlng- 

pOlPtS. . c t*' ^ ‘ ^ i 

“ The distillates were 'isollected 'in ,tared, lyafrow,' gra.duat^. 
cylinders, aft^ cooling, do\wf‘they“were measured and: 
weighed.. The frtfe:ti^nS..,were made^in-the way t8.be 
below.* B||t although,'as a matter of'Coprse, ifvery prccstuy^ 

1 Atcordin^ Kraeifisr(J^riv. comm.) tWr period cSn'be cofiridef^ 
‘ (torten*^ by fir^filHng the^^etort oi^’y about a quarter, aW tilien'fnidB#^ 
^ning jn to ether portion; this preve^ any frothing-oVbrAi j 
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vap taken to keep the temperature as co|)sts^‘!fl: as possible, still, 
without any recognizalSe reason, the’.tlfermometer showed 
:on»id^ra 81 e pscillJtlons, and sometimes went down*20°^ without 
my diminution in the rate of distiflation. , , '• 

“It cannot be said that*such assays arc exact analytical 
operations. The fractions.will differ to scvne extent, as the 
Sistillation proceeds more «r less slbwly. Each'flme, when 
substances are poured from oge vessel into another, sjiall losses 
ire unavoidable, although in*the case of the higher-boiling 
substances ,tfie vessels w fe*. rinsed with ether, which was 
subsequently evapoj^ted. In washing and drying, in the case 
of the first distillates aJsciby evaporation, small losses will occur, 
(vhicli become *all the more important when the absolute 
quantity «fi>s;tibstance is only slight 
*“IfWie tar has not Ijeen previously dehydrated, the work 
must begin witlf th^l op^eration, which is of great importajice. 
It is not feasible to go as far as ioo°, l^cause then the tar would 
lose many vMuable portions, %^ecially as the operation takes 
so much time. *1161*0, the dehydration ^as performed in the 
retort i 1 f?elf, Turning its neck upwards and connecting it with 
a cooler, inclined downwards. In order to collect any benzene 
escaping along with thdiwater. The heating was continued in 
this mannei* to 60* to^p)° for a full fortnight; every morning, 
before recom'ih''nciijg, the water collected in Ihe meantime oh 
the surface was removed by?.pipefte. Fqp all that some water 
remained ^behlgd, evidently in chemical combination with 
ph?nol, pyridine,, g|c, and^tbis could^^only* be reipove’d by 
distillation. 

“ The fraction's wer^rhyie as'follo^s 
Li^t oil, up te 

? Miadle/<i^ up to 230° (qarlqplic oil)., 
iq Creosote oil, up to 270°. 

•^tbr^cenef 6if, uj 7 te the* close W the distillation, 
which w* contieudli as lon|f as anvtjjiftg would copie 
ovfer ;* this e 3 ?plains*»hy t]ie pitcR Wjs exrfaordinarUy 

haffl.* 


The above fr 




-r-The Mght 61^ilas -%rst ^itited with cjne^c sj^*solution ol 

S ,,'gr. «;i,^a«d the contract^n ofl*yolume ^s caleulated 
*pben< 5 s**'The_oil was’tfien washed with w^r,*with cop- 
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centrated salphud^ afid, and again with water, and the, txijai’' 
contraction was calfcul'lted as '^oss by washing.’ The residual 
oiltWEfs distflled, and the frattions coming over ug tc^’icj)°«nd' 
140* were ^epar^tely collected. The distillate up to 1415° Was 
considered'as ‘crude aniline-benzbl,’ and its degree of purity 
was examined by, nitrification with tl^e ordinary mixture of 
acids. Tht'portion remaining behind at 140° wap calcalated afe 
‘ heavy naphtha ’: it must^ of fjourse, leave 4 good deal of 
residue on rectification, and this residue will practiaally go to. 
the creosote oil; but, on the oth,fe'd hand, some h'e^vy naphtha 
will come back from the ‘ middle oil,*' and cvi the small s^;ale it 
was impossible to say how far this w.ou!d c(;(mpensate fo,r the 
residue left on rectifying. The small quantity of liquid also 
made it impossible to separate the ‘ aniline-benzol 'ints^benzene, 
toluene, and xylenes. ^ * « 

“ From the Middle Oil and the Creosote Oil' a quantity of 
naphthalene crystallized pn cooling. This was filtered through 
calico, strongly pressed, and calculated a? ‘ crude naphthalene.’ 
The liquid portion pi the oil (making*’ alliance for the 
mechanical loss in pressing) was treated with cadslic soda 
solution, and the contraction ff volume again set dawn as 


‘ phenols.’ 6 

“The Anthracene Oil, after cooling)*wa); filtered through 
Calico, the crude'anthracene was pressed cj2)dj.JJi?n spread ,put, 
upon porous eartheny^are sldbs, heated iii an air-bath .to 30° to 
40°, pressed while warm, and weighed.' It was, now'analysed 
by tne ‘ pSchsttestbut sinoe.in, the stride''anthracen? is 
usually sold as 30 or 40 per-cent., tfirefi times the weight of pure 
anthracede was deducted fromHhe v^eigiit of ‘crude anthracene- 
oil, to get it tTie figjire for (liquid anthr^ene oij, ' 

i>'“Tiie plish (fras' tpsted foi^its,softening pol^ehby heatilfig a 
piece of the size of a pe^. on a wire in an air;bath be^de®a 
therfliometer untilc<by presskig wkh 'the firfgitrs, it.pwvfjd'to 
distinctly plastlij. The *^ater-bath did nob “suffice for 
purpose, ft svas flA’tfier testpd fo?'’‘'carbdn ’—one of 
'(tedious parts of tSci yoA® For thisi purpose it wdi.extr«iM 
alternitelx with baling benzene anCl“carboniidisUlphide| 
it took iha'ny^dayk’ (toiUuntil tKe iolvert'ts dSoL not skb^ a;i^ 
bait a (faint c^^Iour, an^ Jeft go more residueuwjhifenu 
c a^ed'09 a«wa^h-glass. This operation must 
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i^tiS- 'the greatest^'caution, since otlierwis^,, fine ^particles of 
larbpfi will pass through the ^ter; foiT reas6n Soxhlet’s 
sxtjacting apparstus, otherwise sj convenient, c*uld liot be 
implied.” * 

Rispler^ describes an ap^ratus by means 8f whijh 5 or 6 kg. 
of tar may be freed from rY«iter and light oil within an hour. 
It is an iron cylinder*h’olcytig the lequire^ quantity, with an 
arched top ^n'fe two necks. One of these, in the centre, is closed 
by a ^lugs .T-piece, in whicffirf th*ermometer is plated on the 
top, while the laftral bran^twhich is slightly inclined down¬ 
wards, is connected with a Liebig’s cooler and receiver. The 
second neck of the*Still top is fitted with a tap, and above this a 
funnel, holding kg.*ta*r and heatable by steam or hot water. 
Th#kilLitsetf is heated by a large circular burner. Weigh ofi 
5 to 6 kg. tar; pour kg. into the*funnel, which in the case ol 
viscous tars must be heafed ; run about half of this into the still 
and heat this ^radu^ly.' When the thermometer indicates* 10’ 
to 120°, ruiTmjre tat into the still quite slowly, and allow the 
temperature tc^ rise, gradually*to 130°, at which it is kept unti 
all the^tar Jfas rTin in. The regulation* of the distillation i; 
facilitated by the play eff th| vapours in the glass J-piece 
After* all the tar has ^un in and all the water and light oi 
are distilled off, t/ie t§p is closed and the distillation finished it 
the usuH lUanner. if'only the water is to J^e estimated, th< 
still is fitted with dllaftral t*pa little above the bottom, througl 
whiflftSe dehydrated.tar is run off. Nolv the next sample i 
grtdually run/n. In this manner 5 or 6 estimations ofcwate 
can be made in o^ day. ^T^iis ^gpartstus is sold by ^h^firn 
Vereinigte Fabtiken fii* Laborttoniynsb^darf, Berlin, N.,whicl 
alio, supplies a similtifjapparatus,^coTistructed ^ Kuhn am 
■ desSVib^ in ^fiir che)n. Apparatlnkunde, Och 15)05. _ 

•Other wa'" of testing, coal-far are (fescribed by J.,BecKe 
{[\(lsbdeuc\t}‘A<^\ p» 7^4); singer iUdd, 1902, p. 841) 
rfSaeiner^Sd.Spilker (Cketn. p. 2 i 7 )\ CkurcL (j 

Eng.. *Chem., * 1^11 227)" JfChetn. Eeii 

’,1909); ;j«yne (/. 4 >«^. Chem. S«c. p. 814); Dea 

Vnd'Dotgns In% M^g. Chem., P- ' 95)5 Brown an 
Sbadiilger I 9 V. 

I Am. Zeiy 1905,1)^488. ( 
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Taii^ Samples for testing CoaUtaf. 

It is hardly necessary to^ mention that in*, the first instance 
the talcing of a sample, reallyrepresenting the averige quHlity pf 
the' tar, murt be ctrried out in such^a way that ciisputes betwepn , 
the seller and /.he buyer cannot arise on that point. Senger'.. 
(/. Gasbeleudit., 19U2, p, 841) statesi' theft in the^ largesjt West<: 
phalian tar-works (and according to Becker, inf'Post’s jfAm 
techn. Anf-lyse, 3rd edition,' V(5.1j*'i., p. 104, aHo ’^t^thp gas¬ 
works) the sampling of the tar is ja^/ied out by means of a tube 
of 2 in, diameter, open at both eiTcfs, and closed at "the bottom 
by a cork, to which is attached a wire, passing through th^ tube 
and coming out at the top, by means df whicHithe bottom can 
be opened or shut at will. This tube, after pushing ^wfiethe 
bottom cork, is immersed inlhe tar, preferably in several places, 
and is pulled out by means of the Wire, whereby the bottom 
corl^ is at the same time pulled into the tuB'e and closes it up. 
The tube is cleaned on thC outsidq, and,its contents are emptied 
into a collecting-vessel, in which the various gamples are 
thoroughly mixed by stirring or shaking. *- '' ,,ti- 

Jayne (/. Amer. Chem. Soc., xxv., p. 814) states that the 
sampling of tar, arriving in cisteAi-wagops or tank-boats, fs best 
performed by means of a small tap in tn^ dis(:harge- or pump- 
pipe, through which during the pump?ng of the- taf or 'the 
emptying,of the (Astern, or during the fillin^f the transporting 
^vessels from the tar btsin, a thin s'tream tat' is rfcont/y-vasiy 
run injo a vessbl, the contents of which are thcfrjjughly mi:»d 
and at onoe emptied in/p wide-ntbkj^d gldsl'^bottles, before tar ■ 
and wdter separate. ThiS sample is^speci^lly utilised for 
estimating the water !:ontV.ined in tEe tar. 


Speciid Tester 

The specific greevi^ of tar cannof, be estinsa^Ld Iw p^ns Of 
an.ofdinaly sp^fic-grarvitj^ bottle, which is top.difficult td^BUSf 
exattly andyfo cmi| '(a tms case,,A fiavt (Z. ahgewT dWm,/ 
,r^894, p. 450) (fescr^d a ‘iweighing-b^tt!^ ” of the ^fipe showti ,) 
in Fig., 13b closed'by fa glass stoppeiif,prc!yide^ with„a rfil, 

, 2 mm. widp.'t The ojfSratiop is performed, a^hqiveitimatingtl^;.’ 

specific gravit^f joIiSs, by filling the ^lass onlj^^artiaUy 
i iaf and tken^,completely feith warar,*’ First the glasi'j^ 
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and agifln after filling it wifk wa^' of i G. (i). It 
then dried, tar is poured up to two-thirds of its 
he^ht, awl the gtass, without its jtopper, is placed for ^bout 
an hdiir in ’hot water, till all dr-hubbles disappear, .^fter 
cooling, the weight of the gljiss plus the tar detijrniined (f). 
Now water is poured in, the stopper is inserted, the water 
Issuing from tl^ rill is'reraofed, the ivhole is alloi^^ to stand 



Fig. 130. 


in a vessel filled, with'water of known temperature, and the 
weight it again t (keiT^y). The specific gravity (s) sought is: 

Church al.^distite jD(?to »400 ^of tar in sufal^cappei 
stills up *0 a vapour tqnperatui* of ^70° ^separates the mixtu« 
of'iyaUr and oil pa^JK ^ver in^a |bparating-^uni^l,*and put! 
' theiiil ^tck kiA the nftss remaiSlng in tile ^till, after.coolinj 
4qvMi. “He'^^mates tEe speftfic ^ra^ity of that wixturi 
accf^ng^’’t»j fitscriptjgns’gjfen by^nte^ as just stated 
^8r‘TOUgOeterminationsi(in the^sS of r^ tar) Iw use.s 1 
.iyjsometej-'^t any tempersfcire andlredi*:^^e sjjecific gr^ib 
thus foijnd to the normal temperatwe,of^°-5, by adding ti 
'the ^gurf fouijd fqj- degree tivei* 15 -5 : o ododSs, am 

dedtictjpg foj ep.jh d^greeiiel^w 0^3^0038.^ 

'l'D.%,caeffipnt of expansion vari«iift tar| (fom w^ter-ga: 
?gW’^eioit^»i;oke-ovens) ifeen fiAd by Weiss ft 
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Franklin Inst., igii, pp’ 277 ei seq.), who'Touild 
differences -Simong'^ele tars ip that ‘‘respect; it is prat^kfej?,;;; 
=0-0(J05. V is the volupie observed, / the terapeffatureg ift 
de|rj5es •Centigrade, and C the coefficient of expansion Ss 
stated, the; volufhe at the noririal temperature of 15° ‘C.- 
is =V—V (/—sS°}xC. The same author (/. Ind. Eng. Cketn., 
1915, p. 2^), describes the exain'i/iatioh of tans, tar-cjils, ancF 
pitches according to well-known methods. ‘ 

In moA cases the specific ge-avity of tar, after de^chatidn, 
is a sufficient guide as to its qfii^ity. Accfirdiflg to Kohler 
[Z. angew. Chem., 1888, p. 67^), ,it depends mainly upon 
the percentage of free carbon, as showri^' in the following 
table;— 


Origin of tar. 


Heidelberg . 
Darmstadt . 
Baden-Baden 
Bockenheim. 
Frankfort . i 
Bamberg 
Neustadt 
Cannstadt . 
Rottweil 
Karlsruhe . 
Ulm . . 

Heilbronn . 
t'Oos 




SpeciOo ! 
gr^lty. 

H q 

Free carbon 
per cent. 

a 

I*/20 

2}'75. 

■•V5 . 

2iS-9i 

I-I95 

15.92 

M90 , 

,18-24 

i-iSo 1 

.. is-r’ 

1-175 ‘ 

15-15 

'1-172 

15-07 

1.164 

14-05 

l-i^ 

14-00 

■"55,1 

5 13-50, 


' 

M50--J 

! 12-42 

l-H? j 

p 5-00 


Tke estimation of water iti tjie tar hs^s to •be perforifl6d 
muck tyoife frequently‘',than tfther Jes'fe of it^ and it has been 
referred to in several^ of ,tne foregoingrdescr<ptions °of work.' 
Vayne' enmploy^for thia puPpo^se a sra^l ^per still of cylindrifitd 
form, hpldin^ i Ijtra‘- The u^ger end is surrouujjM a h&vy 
turnedtflange, the lid'is of brass and'’clamped£to.the kilt 

-i!____f ‘it_l.'Li't.-,_ -ill, 



opeft trough^hr^h ^hicw passes-w slanting glas'Siufie #7 ,^/ 
tong (a Liebig’s ^dgnser). ” Greaf^carg must b^ exerted i»t.j 
taking ^h'e'■ sample, preferably by mean^iiof a smgll cock thr^j(gii;; 
which a seikll^streatfi is avowed t^ duj^ingathe^pun^ill^ 

4he tar jnto opt of the boat, ofr,' ftc. Tiie\uantitf 

' ' “ ''wwnfee#!. 5 ( 7 ^, 1^3, XXV., p. 81.4, •“», 

I j. .O'* sit: '9 St'iX 
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mast be violently stirred and%t once fitte^ irfto wide- 
' ijiduthed quart bottles ot cans, Jiefore aijy^paratidn can take 
pla*e. ^ FJve bundfetl c.c. of this sample are put in the still,the lid 
is sedSurely clamped and the Liebig*s tube and thermometer fijed 
• in their places. The heat m«st be applied very*:arefiflly, to avoid 
jumping and foaming^overj.preferably by a ring burner, which 
IS at fimt placed so that the top of* the still is h^ted; it is 
gradually low’ejed, and, in tljp en4, an additional burner may 
be piaJ^ finder the bottom. ‘To be certain that aTl water is 
expelled, thp thermometer ^aathe vapour should reach 200° C. 
Oil apd water are cjllecteA; tliey separate at once and the cubic 
centimetres of w.^ter axe jead off. If desired, the distillation can 
then j3e carried? 5 n until the end. Some tars are very difficult to 
free frflBF water, the contents of the still boiling over in spite 
oS all [frecautions. Thij may be avoided by adding to the tar 
a hydrocarbon boiljpg slightly higher than water, e.g. toluene. 
This thins‘thf tar and‘carries over the water completelyland 
v^ rapidly. 

The just»na»ned process (addition of 40 to 45 per cent, benzol 
to tar cBntainin^ much water, in ordcf to prevent frothing 
over)had been previously Jirac^sed by Maywald,' and also forms 
the subject of a previoi|s patent for treating petroleum. 

The mtthods^or •stimating the water in tar published by 
Becker® an? Seng^'Cire quite similar to that,of Payne. 

The, apparatus of* Ris{!(pr {stpra, p 519) can atso be of 
sernceror tBis^fiurpose, and seems to be mostly employed foh 
esfihiations c#wa1^;n tar. ^ 

The estimation of carlfbt^ (cP* supra, p. 3b8i in .tar 
is decidedly imfiortai^t,'^nd aMows pif (^rawing contusions as< 
to* Ae tjest way of wolfing it up {^i^e infra), ^raqjnfir extract 
the tar withgfc^ times its weight*of xyleiie. %K 6 ^ 1 er (ynsifiers 
' k ijore expedilious to ifeat 10 tar^ with a mixture •( 25 g, 
flad^a^gdc sft#d»afid g^oluane, poujiijig^ the liquid on to 
♦twp filters .bf* ^ual wpigfet, {flacetorfe witlj^ the'other, and 
' -w,asKinJ 'wfth boilibg bfttwene yinfil tRi» tuns coloufless. 
.•Mter drying, the ouJer.^lter is usad 4s tfe in weighing t^, 
inner filter, cotgaining *^e carbon. 

' t^/m^%alyse, p.^ip* 

f G*SMleucht., 1902^^. ^; Chfiif. Cenim, ^2," 

•Jiifdt, 1902, p. 841} 1435. 
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Churth ijoc. cit.) estitliates the free carbon in tar ks 


From 5 to’io g. a(, ^r, dehy^rated^up to i/o”, are pk 
through a sieve of 30 mesbqs per superficiarifich, ^d'he^e^dti:* 
a wjterSbath with, chemically pure toluene, and then briSught ? 
quantitatively on^o a double cylindrical filter,i#hich is prepared.;; 
by folding the paper round a cylindrical ^od of 1-5 c.c. diametec; 
drying at i,K)° and weighibg. Tha mass on the»^ter is'washea 
three or four times with pyre bpzene, and tlje filter te now 
placed in 'the vapour space of^nn extracting apffd«!^?^f with 
reflux-cooler, the distilling-flask‘having been filled with pure 
benzol. The distillation in this reflux-apparatus is cOntjnued 
for several hours, in any case up to the^ point {hat the benzene 
runs colourless through the filter, whereupon tlfi latter is dried 
and weighed. «c.' 

Kraemer and Spilker (jliuspratt’s ^Chemie, 4th edition, viii,, 
p. 3) recommend the following methods^s the simplest for 
factiry use. Mix i g, tar with 5 g. anifme and pf up into a cup 
of porous porcelain of this shape"; |—^*—'j whi^h absorbs'the 
liquid portion, leaving the carbon as a leaHike ciaM which can 
be detached'by mean’s of a wooden spatula* put inttf^ tared 
watch-glass and weighed after kyepiifg in the water-bath.for a 
few hours. The results show 2 or 3 per^cent. less carbon than 
is obtained by Kraemer’s xylene method;; but( are qui|e useful 
for comparative purposes. V '' 

Hoduf'ek {Oest. Chem. Ztit., ipfcq, p.' 365) has found that 
ithe various solvents, especially benzene, glacial'ycetic^aacC and 
ether, ehave a pracipitating effec^ pn bitutpincffh substancls, 
espeoklly 'those contaifftd ip*coal-ter^>pitch. If the latter is 
r dissolved in the least (.possible Ijuant^ty of bc^zoi, the filtered 
Solution (Snj.ad 4 jtion of an^e^cess of t^zol yields bijSwmor,, 
reddish Jarowij substa'hoes—^ju^t those which giv»^3f{farl5olinelim ' 

■ ■ ;o]o ■*' 


(cf* infmi) its characteristic .colour, fie there^^i"!?. oroceedj at 
follows for the estipjation pf fr^^oSbon fci^tar f^ed^ftclj) 
He mixes''5 g. •^r with 3 ^ d.b. 9§ ppr cenf,'blnzol, heatsg 
for five mimli|s tij bofiingji'filters 0# to a 'flry, weighfeS paper ' 
filter, washes with J||o q,c.*^iling betv(ol,cdpies at id^‘C.,tirAn 
weighs.* 'Thus he fincfs carbon plus |iNtumen.» In a seconiJ,: 
« portion of«tffe,tar tife^.suspended^a|^n !^'reilsoK®d bytareful'l. 

--- ' ' “'^ir Ae filtriktai are.tfeat^t 


filtratiort throilfe paper^^tuid 5 
, |,as*abovef tlie^ilference of bom |.stimations yid8* & 
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Of free cirbon. [This jnet&od is troublesome and 
■^without giving any be|ter resi^t^than tlfe generally 
jse|^ methpd of Kfaemer and Spilk|r.] « • 

expeditious process for estimating the free cirboji'in 
:ar, founded on 4 jje well-knQjvn connection bitween'jhe specific 
jravity of tar and its contents of free carbon, which has proved 
lo be i^liable|by a targe jhumber.of tesfs, is d^cribed by 
Arthui R. \\farnes in /. Gas Lighting, etc., 1910, p. 132. He 
work^t^ a. iVaddle Kydroi^er, employing the formula; 


Free cidTign = o -8 » - 10, 

n signifying the jfe^rees Tw. The following observations 
with Yorkshire ««d Midfand tars (extraction by means of crude 
napkth^rfip tp complete exhaustion) prove the reliability of the 
tn^thcxi^ ^ 


CttemlDsd 

eztMctioD. 


Calcol&ted by tUc 
formula. 


47 

39 

41 I 

/43 

If?- 


*^'^ooper cxiyj, p. 100 ) recommends the*sam{ 

method for estimating AeVree ?a^on^n dehydrated terr «f 
employs,* ho^'WiSif th* *f(jJlowii^ fiwmu^ for calcufeting tjn 
peVii^ntige of free aal^on from degre^es Tiw. jBuhd 
.. i*^^entage ^f fr«e cifbon = r^ 4 * 

-in ^iUfh «Vfg«i£9S <hea|6grees*j[r. * Th^^difference betweet 
*if-and ^Vlroes’ formula m^ Ifc caused therfect*tha 
,AVarnes-epjl)lo)ted ,as *thOasis « hi% Jojfhuy the resWui 
remainilil* after extractii^ the ta^srith ||ude naphtha am 
waging with^e(^ne, whilsf^Hof^er effects! ^ muc 
moss ympletj juc^ss!\» e^raction in % Soxhldt^pparatu 
wi\ii benft/then iri^i^idine, aji dltimaWy with meth) 
'll^hoU ■ 



THE FIBST DlSraLATifeJI OP 


The more free carb*n, the more viscous the tif. 
more easily will i^jjpth ovej|, during the distiUatJ#. 
containing kss free darboij, that is, of .less-Jpecific g^avity^iife, 
ric^pr ih benzene and otheir light hydrocarbons thaif^h^ 
containing.'more'free carboa- Buf this holdjegood' only 
certain limit, say, ^15 or 17 per cept. fr^ c^on. 'Above] this 
tars of eqy*! percentage of free caijbon may furijish either mofi^ 
anthracene or more benzene^ etc., according to their.origip. But 
if they contain considerably mofie'carbon than 17 por^'HfI,].they 
are sure to yield less valuable products of itil kftids and more‘ 
pitch. 

If K is the percentage of free carbon'in the pitch and" k 
the percentage of free carbon ih the tar, the^eld of pi^h is 

. Moderately hard pit<ch contains about 28 per cfeli^rde C.; 
for normal tar with 16 per cent, we thus find a yield: 


100 x,i 6 
'28' 


= S7.per 




which is in sufficient tgreement with exjjtno.iuc m i».j^ase of 
ordinary gas-tars, but not in the cas^c of coke-oven tars, and tars 
containing but little free carbofi, like those from vertical' ovens 
and chamber-ovens. r 

The estimation of the coking-residi^ of volatile M/stances^ 
and of ashes are carried b^ the ordinary ^ell-known,methods, 
i Church {loc. cit.) prdceeds as follows; ,r-g. tdr is h cBt et FI n a 
platinum crucible jvith tightlyclosingcover 05 a platinum tria#fg!c, 
placed htim 6 to 8 c.sr abovt the fe>p.'pf a filinsen burner in a 
room noUsubject to drau^hb, nntil the lyjpfljrjsirJp of the cover 
*ts free fK)i|j soot, but tht lower sitae stilj covered with ^ot 
The residue is'^o fe cons^ic^red as th^cokife^esiiSfie 
Idss ofoweiglh, *duct^ng^the ^revtouily deteijji(^e& pe^^gg: 
of. water, indicates ^the''‘‘'|j^atile i^tdhc^)^,C Ft^st^tl^' 
•the liercofjtagejbf ashes, ^ g. tar are burneSin ah ditMi 
platinum' o»^orf6l|iif cr^ble.'^arg .i^itod u^p welg&l 
Remaining constanj,^ t, ^ ° ° ’ ^ 

Tljp eSstimatior; tf^he%'scositj/ of^’tlr is |mpor1;ant 
.use of fueJ.V It is cqfried out by ®eat^of^ngWsjViscQpe^j& 
various tempWures V'=|ording at ^7‘and'egcjM^«^ 
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m 


to I 38 '‘ in me case«i horizontal oTen-t^rs, 
tCL4r5°,(atl50°) in the cas? q£ vertic^'oven-tars. 
iM'Vs^^otnefeT is described ip Luf 


IS uG3i_iiu^ iw j_(uj^e-KeaneiS Technical 
of Chemical Analysis, i^iy, vol. iii., p. 68). (36%lso fte 
^tanination of l^£^viscosit)«3f va/nishes in C^lapter*^!. 


KNU ur r.'iKi i. 
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CHAPTER IV 


THE APPLICATIONS OF COAL-TAR WITHOUT DISTILLATION 

As we have seen on pp. 18 et seq., considerable time elapsed after 
the successful introduction of gas-lighting before means could 
be devised for disposing of the tar obtHfhed during th^ manu¬ 
facture of thg gas, o'r at least before it was regarded as a source 
of profit. Probably at that time the tar was burnt as much 
as possible, under the gas-rstgrts, buf this is not quite as easy 
as it might appear (see below), and only more recently the ' 
application»of tar as fuel has been improved. Coal-tar was no 
doubt also employed from the first as a cheap paint for wood 
1 and metals, although it is but little adapted for*that purpose in 
the raw state. Some more was used for th« manufacture of 
soot, and of roofing-felt. But thi% would account frft only a 
portion of the c(ial-tar obtained, and most of it»remained a 
great nuisance to the gas-manufacturers, who Had sometimes to 
pay considerable sums' to get rid of it. This, no doubt, led to 
the first attempts at utilizing 'the tar by distillation, which we 
shall mention in Cbaptef V. 

Before, however, gas-tar' wa» msimcu un a. maiiuiacfuring ^ 
icale in o*der to isolaf^the valuable substances ocntained iff it, 

)f co'urse it had to be employed fti othei»ways, either in the raw 
state or thickened by evaporation. Even later^sn the tar could 
lot, and^in sorae^lafces up to this day canngt, be distilled to ,, 
idvantage, principally ojwtng to the ccfst of.carriagb; and it yas 
lecessary to find olher uses for il; in order to get, rid of it. 

Recently, as we havrffeen abovg (p. 26), the great fall in th'e 
wices of cpai?tar products has led to such a depreciation 6f coal- 
:ar itself that the qi/tstion of disposing,of it in othqr ways than 
yy distillation has becorng rauch more urgent than bef»r,c. 

We shpll in this chapte* describe such applidatJbns of coal-'. 
AT as are made without sisbmitting it to a proper distillation, 
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consequently either in the entirety raw state or merely deprived 
of water (and necessarily at the same time of its most volatile ' 
constituents) by preliminary heating. 

Application of Coal-tar to the Manufacture of Illuminating-gas, 

This can be effected by passing the tar through red-hot 
tubes, or by heating it in a still and treating the vapours 
evolved in the manner just mentioned. This was the intention 
of the process of Koechlin, Duchatel, and Perpigna,' that of 
A. Bernard ^ (who ran the tar upon the coke remaining in the 
gas-retorts), that of Droinet * (who moulded the tar, mixed with 
ashes, coal-dust, sawdust, clay, etc., into compact .lumps which 
were heated in ordinary gas-retorts), and that of Isoard * (whose 
tar-gas, prepared by superheated steam, contained) according to 
Monier’s analysis, lyR per cent ethylene and yi’p per cent. 

light hydrocarbon,” i.e., methaife—which seems very doubt¬ 
ful). Similar.processes are indicated in the B. Ps. of Hengst, 
Watson, Muschamp, and Wilson (1858), and that of MacCracken, 
Newton, Kirkland, and Husson. Still and Lane (B.. P. 6th 
October 1871) mixed tar, together with, some'vegetable 
matters with ga's-coal. According to Bunte® all these en¬ 
deavours could not but fail, as those substances which, by decom¬ 
posing at a* high temperature, furnish perrfianent gases are 
present in coal-tar in too small a quantity. Nevertheless fresh 
attempts will be made in‘this dbection now that tar is of so 
little value. It is true that rajv tar seems very badly adapteij 
to gajjmaking, since the pitch, which forms “the greater part of 
its bulk, is almost devoid of light-givings substances, and since, 
moreover, the'pipes ave very easily stopped up in the operation; 
but it is possible that tar deprived of its pitch, naphthalene, and 
anthracene, as proposed by G. E. Davis, ^o^ld be a suitable 
material for the‘above purpose. Even this is contested fay 
L Wright, as we shall sae at the close of the next chapter. 

, Bicker,® w^io had obtained a Ger. P. No. 43096, for a 
process of mixing tar with coke-dast, and introducing this 
mixture in small portions into a red-hot gas-retort,- claims to. 

^ B. P. of 1854. ® Dingl,ptlyi. /., cxlviii., {). 29*. 

“ Ibiii ', cxlviii.) p. 295. * Ibid-, clv^ p. 462. 

‘ Schillings dasbelauht,, 3rd ed., p. 23s. • 

* /. GasMtuehi., 1887, p. 908 j Z mge^. Chem,, 1889, p.. 16. 
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nave obtained excellent results, but Bunte(/. Gasbeleucht-, 1887, 
p. 105) most distinctly contradicts this. 

Ellery,! worked with ari incluied cast-iron retort, 

obtained from a ton of* tar upwards of 1^,000 cub. ft of 
15-candle gas, apart f*om coke and ammonia. 

Hempel“ proposed wo;king'up gas-tar in a Lowe’s or 
Granger’s water-gas plant 

Bilrns* distils tar, while blowing in steam, to dryness; the 
gases are made to«enter into a heated chamber, where they are 
well mixed and then pass through red-hot pipes filled with 
charcoal, where they are decomposed into illuminating-gas. 
According to the quantity of steam, the gas turns out either 
of greater illuminating-power or of 'greater hcating,-power. 
One gallon qf tar a'nd 2 gall, of water furnish 700 cub. ft. of 
T6-candIe gas. When distilling coal at low temperatures and 
treating the tar as above, i ,ton of'coal is stated to furnish 
21,000 cub. ft. of gas (?). 

Merkens^ injects a spray of tar produced by a steam-injector 
into retorts half filled with coke. John Smith® describes 
another puocess for turning tar into gas. 

Grebel® made*experiments on thcj3roducti«n of gas from tar 
mixed with coke or sawdust. One hundred kg. tar with 100 kg. 
sawdust and 20 kg. coke yielded 76 cbm. gas, 55 of which must 
be attributed to the sawdust. One hundred kg. tar and 250 kg. 
coke-dust )delded only* 21 cbm. gas. ,In order to produce the 
illuminating-power of one canSle, we require 42-9 litres of the 
first, and 31-4 litre5,of the secoRd gas, as comp&red with 10-4 
litres ordinar^g coal-gas. Those tar-gases therefore possess only- 
35 to 33 par cent, of the!!Juminating-power of coal-gas. LeybdlH's 
experiments on the same subject^ were Equally unfavourable. 

Much stir was produced at one time b)u the Dinsmore 
proceM [B. P. N 9 . ;^I4, 1887 (amended 24tl;May 1890); No. 
15852, 1887; Nt. 4885, 1888; No.209«,,i8§8; No.*i6i94, i8§8) 
on which Carr ® ari^ Watson Snyth * have made reports. Its 
principal feature is: parting the crude coal-gas, inclusive "of tar 

' / GasStUtichi., 18^; p. 117. ^ >887,^P- 5 * 1 - 

> B. P. No.^4958, 18861 Iron, 188^ p. S 2 n* 

* jrCasbeUucht., 1891, p. 1*8. B. P. l^o. ^605,189; 

“ Ditigl. polyt. J., ccUvii., p. 52. IM., cdxvii., p. 32. 

» /. Soc. Ckem. Ind., 1889, pe96o. " Ibid., 1890, p. 446. 
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and ammonia,' from the gas-retorts into another retort heated 
by the same fire, and thus gasifying the‘tar by superheating. 
The volume of the gas is stated to be increased lo per cent, 
and the illuminating-power to rise from 15 to 20 or 21 candles. 

Kraemer’s experiments * with the Qinsmore process led to 
a very unfavourable result.' He found that the increase of 
, volume of the gas is caused entirely by the decomposition of 
the methane and the olefines, the gas becoming much poorer 
,in these and richer in naphthalene and phenanthrene. The 
decomposition of the benzfcnoid substances in the tar may be 
represented in the most favourable ca.se as follows;— 

4C,iH, 3 -H aCgHjQ-f- 

„ = a(C5H5)., + 3C;oHg-(-CnH;„-t-zCH4 + aH.,-t-9H2 
leaving the extensive separation of free carbon out-of considera¬ 
tion. In 100 kg. of tar only 2-5 kg. benzenoid substances are 
contained, which, if decomposed as above, would account for an 
increase of o-66 per cent, of the volume of the gas. The increase 
would rise to i per cent, if the phenols were decomposed in the 
same manner. Naphthalene is hardly changed; the heavy oils 
are also very persistent against heat, and at most split off a little 
hydrogen and rrlethan. The pitch and soot contained in the tar 
have no actjon whatever. Hence the Dinsmore process effects 
nothing else than a hot distillation of the coal, viz,, increased 
production' of gas, diminished iliuminatjng-power, obstructions 
by tap in the rising main i»nd by naphthalene in the gas-pipes. 

Exactly the same negative results have been obtained by 
the Pfiutsche Continental Gas-Gesellschaft° with the Dinsmore 
pipcess. , . , 

Watson Smith (oited above) corapured the c'om’positfon of 
tar, obtained from the'same coal by the Dinsmore process and 
by the ordinary psocess, with the following result:— 



' T»r. ‘ 

Tar. 


Water 

I'l * 

7-1 

per cent. 

Light oil . 

"•3 , 

.5-4 

H 

Creosote oil 

. r i6-5 V 

17-8 


Anthracene oil. 

. I2-I 

8-6 

)» 

Pitch 

69-0 

'Bt'O 

« 

Spl gr. of tar . ’ 

«• 

1-I57* 

M 5 O 



' /. Gdsbe'leucht,, 1691, p. 225 ; Fisctei’sjahresbir,, 1891, p. 47. 
’ Priv. comm., by Dr Bueb, Desaun 
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The creosote oil (containing about 50 per cent, naphthalene) 
showed;— 


Sp. gr. . . 

1-030 

h 02 S 

Crude carbolic acid • 

2-5 

57 

Anthracene {pur|) . 

0 - 79 ^ 

0*32 


Hence th^re is no imjirevement in the quality of tar;,any 
increase of the anthracene is more than made up by loss of 
benzol. 

Rincker and bolter (Fr. P. 391868, 1908) introduce tar 
into a red-hot gas-producer. The gas fdrmed here is partly, 
carried away by its own pressure ; the remaining tar vapour is 
forced by a current of air into a second^ producer and is there 





, . converted jntcf a perma 4 ient gas. ,At the same tiqje a blast«tiT 
.J;,air brings up the first producer to.a red heat, and the process is 
-reversed by introducing tar into the second proc^cer. 

*Th» process, patented in Germany as No^ 239343, 1909, is 
'carried oTit by Ifhe Berliij»Anhaltisch« Maschinenbau-Aktien- 
gesellschaft as follows. The gas is made in a double prdducer, • 
Fig. 30, in which the 0 * 1 - or tar%apour, remaining aftef the) 
.. de-gasifying process,, are "passed in turns from one "producer 
, through ,jthe charge g/*the other producer. ■ Both producers, Gi 
) and Gjj are worked with h^t air, blown in turns frpm onc^o the 
"'ifther; that producer being, always connected with the service- 
; ; pipe which *h^s first received the blast. The gas spaces of Gj, 
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and G2 are continuously connected by flue i. At the bottom . 
we see the air-conduits 2 and 3, which can be closed by valves 
4. The blast is produced by a centrifugal,'F. V and S are a 
receiver and sciubber for purifying the gas. The generators 
are filled with coke up to the^ connecting-flue i; through pipes 
17 and 18 they receive the-oil or tar to be gasified. The 
receiver, V, consists of three wrought-irbn boxes, into which 
the gas-pipes from the producers are dipping; this arrange¬ 
ment serves both for shutting off the producers against the - 
other parts of the .apparatus, and for retaining any coarse* 
impurities. The purifying apparatus now following is just like 
that found in all gas-works, comprising a cooler, a scrubber, and 
two bog-iron ore purifiers. The work is carried out as follows. 
The hot air is blown through pipe 2 into the bottom of one of 
the producers, passes at the top through the flue i into the 
other producer, and away from this at the bottom, traversing 
the purifying plant. Now the oil or tar is pumped through 
tuyeres on to the red-hot coke, and while passing through this 
from the top downward is transformed into permanent gas 
which now, together with the producer-gas, enters into another 
chamber of the .receiver where the soot is wa-shed out by flowing 
water. sOf the 80 to 85 per cent, carbon contained in the tar or 
oil, only a very small portion is found in the gas in the shape of 
hydrocarb-sns or carbon monoxide; by far the greatest portion 
remains attached to the coke in the* producers, where it is 
burned during the hot-blast period, and thus economises coke. 
The two producers servedn tifrns for gasifying and hot-blowing. 
The tar used in this process may be eoal-tar, water-gas tar, oil¬ 
gas tar, lignif^e-tar, or any other tar. When using ccal-tar (gas- 
tar) the gas passing eway has a heating-value of 4200 to 45CX>;' 
calories, a specific gravity of 0-44 to 0-47; its composition is■ 


COj ‘ . 

( • 

f Per cent. 

' 'i*o. 

CnHjii '. 


. 2 to 4 

0 ‘. 

• * • 

. . 0-6 „ I 

CO 

, < 

r. ■■ . .12 „ 15 

CH4 


• , ■ fon.lJ 

• *e'. 55 .. 62 

H 


N. 


8 „ n 


The consumption of raw materials for i cbm,- of tar-gas 
i^is about 2 kg. tar and 300 g. ooku. The tar must be warme 4 :J 
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up and, if necessary, filtered, in order to be sufficiently thin- 
flowing. By changing the style of work without any change 
of the plant, very light gas, even nearly .pure hydrogen, can 
be made for aerial navigation. * 

A plant for enrichkig water-Aas by the products of the 
destructive distillation of coal-tai* has been erected at Hythe, 
in the county of Kent (/. tiasbdeucht., 1908, p. 110). The gas- 
producfer contains a layer of coke, 4 ft 8 in. deep, and is worked 
by draught, produced by a water-cooled steam-jet exhauster in 
the outlet chimney. The tar is introduced in the hottest part 
of the producer by two opposite tuyeres, placed underneath a 
small arch, so as to create a very hot free space. It is injected 
under a pressured 0-4 atmosphere, by tilrns on opposite sides, 
i'3 gall, of taj to icfoo cub. ft of gas. The gas is enriched by 
benzol, injccjed from above by means of a pump, using 2} lb. 
to each 1000 cub. ft. One mag can seVve two such producers. 

At Detmold, according to /. Gasbekucht., 1910, p. 109, 
experimentsnvere made on gasifying tar. At first the tar was 
introduced into the gas-retort at the end of the working of a 
charge, but.this did not produce good results. The formation 
of graphite at the retort-walls was increasec^ the coke was 
covered by a glassy, badly conibusjjble crust of tar graphite, 
and the starting ^nd stopping required special attention. It 
was then tried to gasify the tar in a continuous way by running 
it into an empty retort. Hereby at Igwer temperatures crusts 
of graphitoid hard pitch, and_ af higher ternperatures numerous 
flakes of graphite org the retort c8ver were formed, but thijjdid 
not take place when steam was blown in. The experiments were 
interrupted^n account otjrequent stoppings^ of the »upply of tft, 
but they were to-be resumed later wn witl> steam-jet atomisers. 

Bunte {ibid., 1910, p. 777), on account of experiments made 
by himself, has very Slight hopes of success fqr gasifying the 
tar within the fetort. The tar contftns pnly a ‘very small 
proportion of coaly f articles whiclg have escaped .gasification ; 
it consists mostly of• p>»ogenetic products, formed at feigh 
temperatures. ‘The ^rmer Would yield a little gas, but the 
latter could or^y be recomposed at temperatures higher than 
those at which they have bjen formed. Practical- expepiaents 
show that pnly a’ small pogtion of the tar can fce ‘converted 
into gas. Bunte for his eiKperiments employed dehydrated 
’ X 
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tar, and soaked it up in completely degasified coke-breeze. 
During several days he gasified a mixture of i ton of tar-|-2 
tons of coke-brcezo at the comparatively low temperature of 
about 1050°, wilh the following restilts. One hundred kg. tar, 
worth about is. yd., yielded; 30 cbm. oi gas, that is about the 
same quantity as would be oblained from 100 kg. coal of approxi¬ 
mately the same price. But the tar furnishes no valuable 
by-products, so that the gas would be made much more cheaply 
from coal. Moreover, the heating-value iSf the tar-gas was 
only about 4500 calories. Therefore from 100 kg. of tar, 
possessing a heating-value of about 880,000 calories, we obtain 
in the gas 135,000 calories, that is 15 per cent, or hardly i per 
cent, f-f the heating-value of the coal from Which the tar has 
been derived. The increase of the weight of ipo kg. tar was 
only 627 kg.; the coke, therefore, contained 500,000 calories 
= 57 per cent, of the h^ating-vakie of the tar.. In the end 
the coke-breeze was only quite loosely coherent, and certainly 
not more easily applied or saleable than the original breeze. 
A specially; important fact is that 20 per cent of the tar passed 
over into the receiver and the service-piges, and saturated 
these with a s'abstance resembling cart-grease. Hence it is 
impossible to attain a technically practicable and economical 
gasification of the tar. Bunte, however, cansiders it possible 
that bett* results might be obtained when using tar in a water- 
gas producer, or by heat/ng it by means of superheated steam 
to the temperature of the water-gas process. 

^Wyatt (Gas World, it)i5,lxii., p. 756) describes the gasifica¬ 
tion of tar as carried out in practice. 


Burning Tar As Fuel. 

Where all other employments fail to prbcure a ^tisfactory 
outlet for the tar, ij njilst be burneH^ and this is mostly done 
under the gas-retorts themselves. Its heating-value is, in this 
case, stated to be one ar^l a half, or'evCn twice that of coke; 
but this is exaggerated, as we shall see_;^below.‘ This employ¬ 
ment of ter has always been the only practicable, one where the 
distasate of the gas-works from tartdistillers was too great and 
other uses oY tar were too scantyt; and during the last great 
• fall of prices the burning of tar as^fuel for the retorts has coitie 
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to the fore again, even in some of the manufacturing centres, 
where such a process a few years ago would have been thought 
a ridiculous waste. In 1901 Russig {Chem. Zeit., 1901, p. 90) 
stated the fact that at that*time thousands of ttuckloads of tar 
were burnt, either in the raw statj;,,or merel/freed from water, 
ammonia, an^ the lightest oils Dy settling out or by a pre¬ 
liminary heating. 

The simplest way of burning tar is by mixing some of it 
with coke. W. BScker (/. Gasbeleucht., xxix., p. 338) runs tar 
into the fireplace, about 16 in. below the surface of the coke, 
and finds that he can thus burn about i lb. of tar to 4 lb. of 
coke. This is also the plan most usually adopted at English 
gas-works ; but ft appears that much les*s tar is burned feere in 
proportion to»the coVe. Mr Trewby states the quantity of tar 
used at tha Beckton works=5 galL per ton of coke (/. Soc. 
Chem. Ind., 1886, p. 563). Ma Wright {ibid.) also considers this 
to be the best way of burning the tar. 

We shairdescribe some of the most suitable arrangements 
for burning tar, which equally apply to any liquid or easily 
liquefiable products of the distillation of tar for which no other 
outlet can be found (as is occasionally the case with some descrip¬ 
tions of “ heavy ” or “ dead ” oil, cf. Chapter VI 11 .), also fo petro¬ 
leum-residues andtthe like. We therefore take our descriptions 
partly from such places where as yet no tar, but petroleum- 
residues are burned, as they may be u*eful for tar as well. 

That this subject has recently become of greater importance 
than previously is «best shown ^y the large number o^jiew 
patents taken put during the last few years ; but we shall more 
particularlf enter upon the description of ^pparatSs seen word¬ 
ing on the spot*by corapet^t observers. * 

So Jpng ago as 1862,' patents were taken gut* in the United 
States by.Bidley^ ty Shaw, and by Linton, forthe use of liquid 
fuel; in 1864 an app^tus, by RiJhardson, was trjed at 
Woolwich. Aydon and Shpakovsky, in 1865, dewsed arrange¬ 
ments for injecting th6 fiiy as a spray, the former using steam, 
the latter a.blast of a^'. Watson Smith used steam to inject 
creosote oil fof boiler fires about 1867. Jn 1867, at the request 
of Napoleon III., H. St Claire Deville constructed'an apparatus, 
which, however, proved a failure on being put to a practical test 
' Redwood,/. S 9 c. Chem, Ind., 1885, p. 78. 
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in Russia. Audouin, in 1869, invented a more suitable burner. 
Other more successful burners, which are now being used in 
Southern Russia, d,ate from 1870 and later. 

The simple" plan of dropping tar into a hot fireplace is 
unsatisfactory; the combusiion is very incomplete, and the 
consequence is that clouds or dense^ black smoke are sent forth 



B'g. ji. 

(such .as are seen hanging over the”'primitive'Tatar distilleries 
at ?aku), aking with a ve»y disagreeable smell of partially- 
burnt tar or petroleum Hence,'"spftial means must be 
employed to prevent these drawbacks.'^ We sliall, enumerate, 
ift the foKowing, only the more important of the very many 
diffefteftt desdriptions of apparatus invented for this purpose. 

An arrangement for burning tur, which answers its purpose 
' fairly fljell, is shown in Figs. 31 and"32: a is an iron tank for tar 
















BURNING TAB AS FUEL 


32S 


(creosote oil, etc.) which runs in frcjm a tap (d), best constfucted 
as an automatically-acting ballcock, so that the level shall remain 
always the same, and the tar run off in a uniform stream 
through the pipe and out 8f the jap c, in an djDen jet (so that 
any choking-up can at»f)nce be observed) into the funnel d, 
and from this jnto a horizontal irmi tube (g) which ends inside 
the fireplace. In the centre of the tar-pipe is a steam-pipe 
(/), which first passes as a worm (e) through the tar-tank 
a, and keeps it alwiys warm. A tap (/) permits the regulation 
of the steam-jet, which, as it issues in the centre of the extremity 
of the tar-tube, converts the tar into a fine spray, and at the 
same time, acting as an injector, carries in through the open 
space /i, which Surmounts the pipe g, 'the air necessjry for 
combustion. ,Thus fhe tar is brought into very intimate contact 
with air, and is almost instantaneously burned; a little of it 
falls down upon the plate /j where it’burns into coke, which is 
removed from time to time through k. 

Fig. 33 shows a contrivance for burning the tar without a 
steam-jet, by Liegel,^ specially intended for heating-gas-retorts 
by tar. The tar drops through an opening (a) i-J in. wide, 
upon a plate { 6 ) 5 ft. 3 in. below, which readies through the 
front wall and is shut off by the deor c. The latter'consists 
of a slide, moving air-tight on its bed by means of a screw. 
The air for combustion enters below the slide,* and first 
meets a bed of red-hot tar-coke, csllecting on b, which it 
burns into light-grey ashes... The tar is partly burned by the 
radiated heat of th» fireplace; ffut rflost of it falls on t#^the 
tar-coke burning belo^w, is spread out, and meets the air 
coming inifrom the docjr-sUde. ?'he sm^l door,*r, is opened 
every half-hour%)r loosenipg thS coke'and getting out the 
ashes. Another door {d), with a peep-hole, ,is*placed higher 
up, and likewise to be closed air-tight. • 

Schilling (fWS, p^ 324)*also figures .a special *“ squjrting- 
cock ” for the tar, shown in Fig. 34. The vertical, branch is 
screwed upon the tar-Sup{!iy pipe. The end turned towards the 
furnace is close*d by a^ap (b) 'with an opening about in. wide. 
The other horizontal, end (c) is provided .with a glaiid through 
which passes a long screw (If), which carries a horizontal* ifcedle 
(e). The oqter end of e is psovided with a Small wTieel (/), and 
* From Schilling’s Ghsbeltuchlung, 3rd ed., p. 325. 
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is fixed by a small chain. The needle {e) serve* for partly or 
entirely closing the opening (that^ is, for regulating the jet of 
tar), also for cleaning it out in cise of need.- The apparatus 
is fixed in the furnace-front, so ;hat a slide, can be put in 
front of it. In the case;of gas-ret(frts there ought to be on the 
fireplace-bed a 4-in. layer of red-hot coke, which is broken up 
every half- or\hree-quarteft of an hour. This bed ought always 
to be* dry; otherwise too much tar has been run in, or too 
little air has beep admitted. For the purpose of making a 
start, a small wood-fire is made on the hearth and the tar is 
run in at once. 

H. T. Litchfield and D. Renshaw (Ger. 1 ’. 17659, 1881) 
have constructed a special kind of ribr/Ae for blowing in a 
mixture of the combustible liquid with air and steam, m such 
a way that ^a converging whirl is caused which intimately mixes 
the liquid with the air. , ^ • 

Another mixing-apparatus, evidently intended more for 
petroleum, has been patented by the Boston Petroleum Heating 
Company (Ger. P. 21648, 1882). 

O. D.,Orvis^ (Ger. P. 28017; in England patented as a 
communication ttT A. T. Boult, No. 5357 , 18^3) describes an 
apparatus, the essential novelty of^ which is a retort fixed to 
the inner end oj' the inlet pipe, in which any less volatile 
portion of the oil blown in may collect and may |pe vaporized 
by the fire ; also a horizontal nozzle^through which the mixed 
stream of steam, hydrocarbofl, and air may issue in a sheet¬ 
like form. , 

R. B. Avery (B. P. 5795, 1883) fits the oil-supply‘pipe 
with a sejies of perfoAj:ed diaphragms of gradu^ly decreasing 
mesh, in order«do " atomize ” the*oil befare it enters the steam- 
pipe. ‘ ^ ^ 

J. H. Selwyn (B.*P. 2160, 1884) burns liquid hydrocarbons 
in conjunction* with waJtCr-gas or s*eam^ in presence of^ a 
substance containing both carboji and iron, perfectly employ¬ 
ing plumbago, in a farnace specially described. 

J. Leede ^lid G. Ouray (B. P. 1864, 1884, a communica¬ 
tion to W. 5. Thcvnpson) mix the lic^uid hydrocarbons viith 

‘ This and a, number of 4 her apparatus are described and* figured in^ 
Dinglpolyt,]., vol. cclviii., p. 418, and in Wagner-Fisclfer’S Jahresber. d. 
chem. Ttchn. for 1885, pp. 3t3-«t8. 
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earthy matter', and describe special apparatus for feeding, ignit¬ 
ing, and consuming that kini of artificial fuel. 

. J. D. Bodwell 7615,; 1885) employs a closed chamber 
fitted with shelves, sloping 0 ovvnwird from the sides; the oil 
or tar falls from shelf to shllf, burning during its passage {cf. 
Nobel’s shelf-burner, later on^. * 

H. de Bray and C. D. Rosetti (B. P. 12990,' 1885, a com¬ 
munication to J. Imray) fix to the crown of the fire-flue' of an' 
ordinary Cornish boiler a retort, into which oil or tar is 
admitted; a pipe leads the oil or gases to a receptacle on the 
fire-bars, to which a supply of air under pressure is also 
admitted. 

A somewhat similar* apparatus has been* patented by P. 
Tarbutt (B. P. 5599, 1886). « 

J. Buffett (Ger. P. 30995, 1884) uses the ste^m first for 
heating up the oil, before k serves fpr converting it into a spray. 

E. C. Burgess (Ger. P. 29614, 1884) avoids the use of a 
steam boiler by generating the steam, required for producing 
the spray, from liquid water, by means of a worm and retort 
fixed within the fire-box. 

J. B. Archer (B. P. 6347, 1886) patents'an apparatus for 
firing steam-boilers by me^ans of liquid hydrocarbons which 
are not “ atomized,” but are previously gasifie;!. 

William.de St Martin (Ger. P. 36134) decomposes mineral 
oils along with steam in a red-hot fetort, and mixes the 
resulting gases by means of an" Archimedean screw previous 
to burning .them. . " ^ 

V/. Horn (Ger. P. 36403), in lieu of the fire-door, fixes a 
bos; provided,with an inlet-spqut fortar a'nd a disH foi>spreading 
this out. ' ( , 

P. Morth (Q,er.’ P. 38166) sprays the tar by means of super¬ 
heated steam. ' ' < ' 

< \ , 

Key {Engineering, i8«6, p. 750) burns the tdr after filtration 
wfthout compressed air or steam. ' ' 

Westphal’s naphtha burner' is tspacially adapted to a 
blacksmith’s forge-fire. Th'e liquid fuelyssues from a group 
of, annular slits, and is sprayed by compressed ai^ *rhe flame 
is directed upop the object to be heated by means of a, beak- 
Shaped jet. ■ (IThis apparatus will prpbably do well for petroleum 
' Dingl.folyt.J^ cclvii., p. 373. 
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or creosote only, but would be stopped up too easilji when 
burning raw tar.) / 

Rispler ^ states the heating vame of lOO coal-tar as amount¬ 
ing to 220 to 270 good nub^coal, »d points ou^ that the supply 
of air can be much mo\e exactly legulated than with coal. 

Descriptions of the burning Jof petroleum-residues at Baku 
(where they practically ar? the only accessible fuel) have been 
given* by Boverton Redwood (/. Soc. Chein. Ind., 1885, p. 78), 
and by C. Engler^Zl/«.f/. polyt. J., 1886, cclx., p. 440). 

According to Engler, these residues, called “ massud " by the 
Tatar workmen and “ astatki ” by the Russians, form 55 or 60 
per cent, of the crude petroleum. Some of it is used up for 
making lubrica*ing-oiis; but much rffore is burned, partly at 
the works, ^0 supply the heat for distilling and for *raising 
steam, parjly as fuel for steamships and locomotive engines, 
even at a gyeat distance, qn^the Caspian, the Black Sea, the 
Volga, on the Transcaucasian and Transcaspian railways, and 
so forth. • 

The heating-value of massud is nearly twice that of coal; 
with buriT^rs of the best construction, i lb. of massud will raise 
12 lb., or with d&re 14 or 15 lb. of steam. ^The distillation 
of 100 parts crude oil for kerosene consumes threg or four 
parts 01 massud. , 

The burners for the residues, called “ forsunka,'i have been 
principally introduced “and improved^by 0 . K. Lenz at Baku. 
They have very varying formS, but always work so that the oil 
is atomized by ste^m previously to .burning. Thp atomizing 
by compressed air has not answered (e/., however, Rdbel’s 
shelf-burner a*s described below)., Along with the^team eno«gh 
air enters to paeduce complete combustion, and a temperature 
beyond the fusing-point of wrought iron. Thei;ffore the boiler- 
platesfheating-tubes; etc., must be protected'jgainst'the ^irect 
action of the fofsunka flarfe. 

A very simple Torsunka is shown in figs. 3^ to 38. The 
i-in. iron steam-pip» Ek is flattened at its end to a Slot oi 
Ttr in.‘width,^hrough whi 5 i the steam issues. The 

residues are ^onveyed by, the pipe N; the thick ,oil sprejds 
over tjie cup fixed over tj|e steam-nozzle, runs ^own pjier the 
slit, and is converted by Jhe steam into a fine spray. The 
CkemtZeit^ 1904, p. 957. 
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iifferept nozzles, shown in Figs. 35,36,and 37, serve to produce 
i more pointed, or a broader,Vor a medium flame. 



The Brandt forsunka (Fig. 39) somewhat resembles,the spray- 
producer, or “sq^irting-cock” (Fig. 34, p. 32(^7 The residues, 
irriving .jit N, and the stq^am from D, are separately carried 
forward in the tubes b and m, pa.ssing througl} the brass-casting 



Fis. 39. 


t. "nie massud issues through an anniilas slit, regulated by the 
cone / by means of the handle k and ^indle ^; the steam 
isspes by an outer annular slit, concentrip wit^ the former. 
Both %rq mixe|l between the cone ^nd the nozzle i, anci issue 
af r r as a-spray, which is lighted., The taps 0 and / are left 
open, the cone/serving to regulate Jhe process. 
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Figs. 40 and 41 show the apelication. of sueh a busner to 
an ordinary Cornish boiler. TheAesidue runs from the tank R 
through the pipe N into ti e «.'arn|r; the steam comes from the 
dome D. At r the whole butrlsr can be turned round in a 


*0 


IrHfi 








by 


•r) 


horizontal plane, so that on turning it 90 degrees it is clear of 
the door.^. In thi.s position it is lighted, in order to prevent 
explosions, and is'then turned back. The necessary air enters 
through the holes in the door t, atyl through a large# opening 
provided with a regulating valve. 








The Len2»forsunl#a is’ shown in Figs. 42,43,44. The double 
brass-tube (Fig. 42) epds in the cylindrical mixing-chan^ber 
^.closed at top and bot|om by screw-lids A i; the, ipovable 
rods 0 0, with the key-end^/ and p, turn .in bearings at t and n] 
and end in eccentric pins.(Fig. 43). The latter work in semi- 
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cylindrical slides e, which a^e moved up or down by turning 
p or /], so that they more or mss approach the midfeather ^,and 
thus exactly regulate^ the supgly of residues and of steam. The 
oil is converted,into a spraj, and sssues as a sheet of flame 
through the horizontal slit 5, which runs r;ither less than half-way 
round the chamber g. D and N are taps for shutting off steam 
and oil. This kind of burner consumes about 3 to 3^ kg. 
residues, of specific gravity 0-910 and 140° inflaming-point, per 
horse-power and per hour. 

Sandgreen’s burner (also used by Nobel Brothers) is shown 
in Fig. 45. N and D carry oil and steam into the two halves of 



Fis. 45- 


the chamber A B, separated by the partition / The supply of 
oil is regulated by adjusting the mouth-plate k by means of the 
lever h /, the supply of steam by the mouth-plate set once 



Fig. 48. • 


for all. The cone m permits ocdhsionaily cleafiing out the 
coippartmeiit A by steam issuing t^irough,^. , 

A different description of burner kiust be used for loiomo- 
*tive and other tubular, boilers, where,the flame must [se spread 
, <)ut. A Lenz burner for this purposs is shown in Figs. 46,47, 
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48, 49. It is very similar to the o^er Lenz burifer, Figs* 42-44, 
but the slit j runs round the whole chamber g, except where it 
is joined to the burner, so that t.|e spray jssues in an annular 
form. Hence the slides » and e\ must also bf cylindrical, and 
must move up or dq,wn the chamber g like pistons. The 



, Fi(f. 48 . Fig- 49- 


movement lake s place by .means of the rods 0, running in 
bearings «, to the partition A When the eccentric rings 
d, attached .to 0 (Fig. 48), are turned, the cylindrical slides e or 
are raised or lowered, and thus admit more or less steam or 
oil through the slit j. Fig. 49 is a vertical section through the 



Fig. so. 


supply-pipes,T) for steam, atid N for naphtha, etc. The tap A 
allows of sen4ing steam iqfo the oil-chamber for th^ purposei of 
cleaning it out. Fig. 46 flows a somewhat different 4S^pe of^ 
partition jnd burner mouthpiece. 

Figs, so'and 51 show a«Brandt forsunka, as adapted to loco. 
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motive boilers. The mix^g-chamber is divided into two 
compartments by the horizonttal disk a. Steam enters into the 
lower, smaller compartment ^rough D; naphtha, etc,, into the 



upper, larger compartment through N. By slightly turning the 
cap 0, the slits i i are more or less opened, and the supply of 
residues (naphtha, tar) can be thus exactly regulated. The 





I*IG. 5 S. 


latter issue radially between the leSges (jr»inrougfl the sectors e 
and the slite /, and are atomized by ^he stesKn issijing below. 

Fift *52 sh*ws the same burner^/), fixed in a locomotive 
* fire-box in'th’e centre of the. grate* (^). The consijmption of 
jiaphtha for the transit of a trail* of twenty loaded trucks,. 
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according to Brandt, is about lo fig. per kilomdtre (say *33 lb. 
per English mile). 

Engler enumerates as advantages of fcysunka-firing:—high 
heating-power, small space*for fuel, small volurje of the burner, 
easy working, and, from his own observation, absolute freedom 
from black smoke in the ca^c of factory chimneys. The loco¬ 
motive fires are not quite exempt from smoke and smell, but 
more’so than our own, worked with coal. Mr Redwood, in 



Fig. 53. 


travelling on t^o.se^ Ime^, noticed no stpoke, but dccasiqnally a 
disagreeable smell of imperfectly Jjurned petroleum. 

The following asfetkf.burners are mentioned in Redwood’s 
description (/*c nV.). *In Kaufman’s burner (Fig. 53)1 which has 
been adoptei by the Russian Government for use -in torpedo- 
Ijoats.nhe oil enters at afthe steam'at they meet* at C D,, 
where, byi means of two Screws, a fissure is opened through 
which they escape, a spray*being produced. The intensely hotj 
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pointed flamed makes it necessary to employ screens of fireclay 
in front of the boiler-plate. The roar of the blast is . rather 
objectionable in this apparatus ; but, nevertheless, more than a 
hundred steamers on the Caspian and Volga are fitted with it. 
There are consequently no firemen qr coal-trimmers, but a 
single attendant, whose dutyVt is to consult the pressure-gauge 
from time to time, and to regulate the supply of steam and 
astatki accordingly. In thus raising steam it is, of course, 
necessary for a start to take a supply of steam for the blast 



Fig. 54. 


from a small auxiiiary*boiler, or to raise steam •^y an orilinary 
fire of wood or coal. 

Ip consequepfe of the odjccuous aiiauiimg lu me sLcain- 
spraying method of burnJhg astatki, Messrs Nobbl have patented 
an apparatus, free from thepi. This apparatus, as shown in 
Figs. ^4,5 5 , and 56 (Fig. 54, a vertical sictien; Fig. 56, a sectional 
plan; and Fig. 55, a view of the boiler in'front: ftiore details of 
thf plant aje given by Redwood, /c><r|«V.), egsentijlly consists of 
a serial pf troughs so arranged at thamouth of the'furnace that 
' the burning aitatki flows by successive stages from Jhe highest 
.to the lowest. Air passes in between the troughs and through 
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the four openings c ; the direction oil the flame is ^iven by the 
firebrick walls d d. With this apparatus 14J lb. of water can 



Fig. 55. 





fro! 56. 

be vapoazed by the combusnon of i lb. of astatki,»against.enly 
12 lb. by the,“spray ” methock ' • * ’ 


Most remarkable results ihave been obtained with Nobel’s 





































338 USES OF COAL-TWvi WITHOUT DISTILLATION 

trough-burner for metallurgical purposes. It reduces wrought 
iron to a state of fusion; and horseshoes, spanners, toothed 
wheels, and other <articles of soft iron can be thus easily and 
cheaply produced by casting in moulds, without any heating of 
the air-supply. With thi.s, no doubt, much higher temperatures 
might be reached; but the'difficu|ty of finding,materials suffi¬ 
ciently fireproof for the furnace stands in the way of making 
experiments in this direction. The freedom of this fuel from 
phosphorus and sulphur is a great advant&ge in metallurgical 
operations. The price of astatki in 1884 was 2.s. 6d. per ton at 
Baku, or about 8s. per ton at Tsarit.sin on the Volga; it is 
largely used in Moscow, and goes as far as Stockholm and 
Teheran. Greiner {Trans. Iron and SteelIvh., 1915), describes 
the use of coal-tar for heating Belgian'blast-^rnaces during 
the war, when coke could not be procured. The heating of 
open-hearth furnaces by a tar-spray is Ac.s,cn^^s»Engitieering, 
1915, P-558- 

So far as the use of this fuel for steamship^ is concerned, 
the economy of space for storage, and the saving of labour and 
time in placing it on board ship, must be taken inte considera¬ 
tion. At the present price of coal-tar it would perhaps pay to 
use it "for otlier purposes besides heating gas-retorts, in the 
same way as astatki, wherever very great ieat or economy of 
storage is of permanent importance. 

Korting’s steam-jet. sptay^roducer {Dingl. polyt. /., vol. 
cclx., p. 411) is much employed This apparatus, shown in 
Flff-'j/i ii" rrtade entirely of iron, and therefore very substantial 
and very cheap (;£'3). It is claimed that the .peculiar kind of 
s'leam-suppiy prevpnts any trace ot*" tar from falling dowa 
The supply of tar is regulated by a nozzle‘(A), more or less, 
bored out; it ij not easily stopped up, as a strainer^(T) .and , 
sieve (S) retaiK the imjjurities. It^is also readily accessible for*’ 
occa^onardeanirig by moving up the thjmble H, The spray- 
producer itself can be cleaned any moment by means of the 
pin R, after removing the cover The steam-jet draws air 
through the box L with very great force; the slides M serve 
tbr regulating the air-supply. Tme steam enters through D, 
anefthe speed of combustion is regulated by means of the steam^' 
inlet-valve. The tar-cistern is placed oh the top of the retorts i 
furnace, so that the tar is always heated and thin. 




57- 


is thus easily piit in or takery out when a flian^e fiiom*liqui£i ro 
solid fuel is required. 

Holden ^lias adapted tne^ process of burning liquid fuel to 
Z. Vemin. deutsch, Ingen., 1891, p. 496. 


BURNING TAR FUEL 339 


W. Horn (Ger. P. 36403) patents a simple apparatus for burn¬ 
ing tar, etc., which can be hung from the fire-door hinges, and 
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oil-tar gas and successfully applied it to the steam-boilers and 
a number of locomotives on the North-Eastern Railway. He 
maintains on the grate a 3-in. layer of coal, over which the 
liquid fuel is sprayed by two steamfinjectors (Fig. 58); a second 
annular steam-jet carries the air necessary for combustion into 
the firebox. If for some reason th^ employment of liquid fuel 
is to be discontinued, coal can be fired without any trouble. 
The only change to be made in a locomotive to adapt it for 
liquid fuel is to fit underneath the fire-dooi* two pieces of 6-in. 
tubing, which pass through the water-space and the copper or 
iron back-wall of the firebox, and through which the fuel is 
blown in, as shown in Fig. 58. The steam is taken direct out of 



the boiler-dome, without overheating. Its supgly to the tuyeres 
is regulated’ by a tap for both, that to,the annular jets by special 
taps. A special steam-pipe‘(Fig. 58) admits Cf heating up the 
fuel in cold weather. All lar-pipes can be blown out by steam 
in case of obstructions. The greater part of the gratp is covered 
•with pieces of chalk pr'limestone, scV,as to admit but little air to 
the solid fuel from below* This system of heating requires 
only a slight draughf, which has se^tral'advantages. 

The Great Eastern locoracfive sh6wn in 'Fig., 59 possesses 
h tank Iwlding a tc»i of tar, whfch suffices fer a train of 15 
carfiages nlnning 200 miles in' suburban traffic. • At the 
same time 25 cwt; of coal and ^ cwt. of limestqne are used, 
whilst with ordinary coal about® 50 cwt. would be required. 
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The saving in money is not considerable, bijt the advantages 
are that the combustion is smokeless, and the production of 
steam can be at any time interrupted or s^tarted by means of 
shutting or opening the valves. ^ 

In 1902, Bruckmann ^reports (Z. Verein. deutsck. Ingen.,1^2, 
p. 317) that the Great Eastern Railway of North America used 
Holden’s plan*n 88 locomotives, and consumed for this about 
85,000'tons of tar—that is, about a quarter of the coal-tar then 
produced in the Uaited States. 



We quote also the piecesses of Busley'fB. P. 5026,*i887), 
Morth (Ger. P. 40142)^, Wrede (G*. P. 56339), Hayden (Oiem. 
Trade /., 1887,9. 159J, Mu^t and’Mirek (U.S. P. 768368), 
E. W. Jackson (U.S. P. J77789), Merkens (Ger. P. applj, 
Boeddeker {Z'.J. BaUbetrie^ 1910, pp. i A seq), Koeh*h (Ger. P. 
209659^, H^usenfelder {Stahl u. Eisen, 1912, p.*% 7 Z), Stewart 
and Perry.(U.S. P. ii3442i),*Markl (B. P. 10383, 1914). 
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In order tn remedy the irregularity of flow produced by the 
impurities of raw tar, Livesey^ inserts a number of pieces of 
J-inch brass tubing in the pipe between the tar-reservoir and 
the burner. This causes, by friction, a retardation 
^^ and thereby a regulation of the flow. 

For a similar purpose J. Smith employs three 
J lengths of tubing, 3'fdet, 4^-feet, arid 6 feet, coiled 
E j J: D up into spirals,in order to provide for the dianges 

« in the fluidity of the tar and ,the temperature in 
the furnace; the level of the tar is to be kept 
5 feet above the coils. 

Seigle ^ objects to the employment of a single 
fireplace lined with firebricks. The flame produced by the liquid 
fuel Is driven into water-jacketed tubes,, acting like Bunsen 
Taurners, the combustion being commenced and*nnished in the 



Fig, 6 i. Fig. 62 ., 

interior, and colourles's hot gases issuifig framthem,to be utilized 
elsewhere. As shown in Fig. 60, eaqh tuiie (A) is formed of two 
concentric cylinders {a d) with a oom'mon bottom. Above these 
is the steam-collector C,into whiclithe fe^d-wateris introduced 
by Q to the lower part of A; tub! E is the outlet fqr steam, 

‘ / Gas Lighting, 1886, p. ifg. ^ 

* Z.f. Berg; Hiitten- und Mifsch.-lnd., 1895, p. 197. 
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into the upper part of C. Figs. 6i and 62 show t]ie application 
of this system to a ship’s boiler. The apparatus consists of 
three rows of burners (A) connected with the main boiler by the 
feed-pipes D and the steanj-pipes E. Opposite the first tube 
of each row there is a spray-producer (B), which drives a jet of 
lighted gas into three tifbes (A), progressively enlarged so that 
the air for combustion is carried aiong through the annular free 



Fic. 63. 


spaces between the tubes. The combustion must be regulated 
so that it is entirely or nearly complete when the gases issue 
at the end. They then rise upward and pass through the boiler- 
tubes, their course tjirough the chambers C being shown by the 
partitions F. The last heat is applied to heating the feed-water, 
and the gases issue into the air Without a chimndy. The 



combustion of grejt volumes of gases and vapours in long and 
narrow tiTbes offers a good contact witlj cold surfaces. 

Kampf(Ger. P. 9/50f) avoids the necessity of using conl- 
pressed air or steam by employing gases obtained in gasifying 
combustible substance* aftd Burning as well. The liquid fuel 
(Fig. 63) enters at r in a fcrfhel-shaped orifice of the central 
tube a of the'*set rz* b, c, tnd is spraydH by the gJseous fuel 
entering at.r and carried all round a. 

Ferrari 1 [Ger. P. 56240) avoids the use o'f spray-producers by 
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a “ box-grate ” (Fig. 64), in which the grate is represented by 
channels, a, a. Tlie fuel, contained below a perforated bottom 
{U) or supplied by perforated pipes, is drawn up to the surface 
of the burner by means of asbestos packing, acting like a 
wick. 


The Relative Cabrific Effects of Coal-tar [with and wilhout 
Steam) and Coke, for Retort-firing. 

f 

At the meeting of the Gas Institute, London (/. Gas Light¬ 
ing, 29th June 1886, pp. 1242-44), a paper of peculiar interest 
' was read on this subject by F. G. Dexter. To obtain the 
relative calorific values of tar and coke, Mr Dexter classified the 
constituents of tar according to their respective boiling-points 
under the different periods of distillation, and too*k the average 
formulae of the hydrocarbons under, these heads as representing 
the constitution of the oils obtained. The rcselfTappear in the 
subjoined table (p. 345). , 

Coke, when drawn from the retort and slaked, contains fully 
25 per cent, of water, besides the ash and sulphur. Ignoring 
the impurities, and deducting 25 per cent, <for water from the 
value of fired coke, 0-75 X700Q+ 5250 units per pound of coke 
are obtained, or, in other'words, a relative heating-value for 
coke and t,^r of 5 : 8. • 

By calculating the useful teraperatur«s obtainable from both 
materials, Dexter arrives'at a' ratio between tar and coke = 2 : i; 
but, the elements of this ,calc«iation are not quite certain, and 
we vvo'uld rather act upon the conclusion taken from practice 
' th?t the above really represents the respective*heajing-values 
of tar and coke. ' f , * , 

The practical heating-valpe of tav is due chiefly to its form 
and the ease witji which it is manipulated.* It can be introduced 
in a‘ small .constant quantity,, and ‘Ip a condition much more 
favourable for intiihate mixture with*the Supply of air than is 
, possible with coke, and consequently ^he qxcess of air supplied 
may be much less. The intermittent' coding praduced by fresh 
charges of coke is also avoided, and ^hus a puch higher heating 
effect,is necess^irily produced. The tSse of steam with tar,should 
' be avoided'ifipossiblp, as it tends tp reduce the temperature in 
. the furnace. 



WeigSonSnSitaenti. Calorific Value 


COMPARISON OF COAL-TAR IVND'COK| AS FUEL 345 



0-89 8550 
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Tl}is subject tis further illustrated by a paper on “The 
Utilization of Rojsidual Products in Gas-Works” (See J. Gas 
Lighting, 1886, p. 1247) by Mr J. T. Lewis. The author, in 
referring to the valife of tar, states ^lat in 1883 the price varied 
from IS. 8d. to js. 4d. per ton of coal carbonized, whereas at the 
present time tar is worth only 4d. to 76. The following is the 
value of tar to tar-distillers, taking»the prices of the different 
products at the current market-value. The various items are 
derived from two sources, one distiller carrying his process 
further than the other. 


Products from one Still of 8 tons of Tar. 


i^aphtha, 60 gallons, at gd. per gallon 
Light oil, 60 „ at 3d. „ 

Creosote, 500 „ at |d. „ 

Crude anthracene, i .. 

Pitch, 5 tons, at 15s. per ton . 

Wages on the above 

Coal. 


. ^ . .^250 

. ' . .•.015 o 

. i n 3 

n 8 

. 3 15 0 

.^2 0 O , 

.060 
- 260 


Wear and teat, rent, etc., not known 


Giving about 19s. as the value of I ton of tar. 


Products from l Hon of Tar. 


Benzene (50/90). 5 gjllon^ at^is. 56. per gallon . 
Naphtha . . 2 „ at 9^ „ 

Carbc^ic acid . 5 'at is. 8d. „, 

Creosote oil . 50 „ at |d. „ 

Crude anthracene, 30 lb., at 35 per cent* . .* 
Naphthiene ., ^ cwt., at*3s. . , 

Pitch . . .11 cwt., at'gd. . . . *. 

Sulphuric acid, caustic sodn, slack, and labour for 

working . 

Wear ajid tear, rent, afc., not know# , , . «. 


L° 7 I 
0 I 6 
084 
° 3 lA 
08 o 
0 * 6 e 
0 8 '3 

0 10 ^6 

« 


It is thus seen .that* tar was« nyf at t]iat time very 
valuable to tar-distillers. In cases ^here the annual quantity 
or coal cS'bonized is* below 30,odp ton#, the*‘distillation is 
said be jAiremunerative. In considering the, utifization 
of tar for fuel, the' author gives* the following •particulars, 
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illustrating the varying values of coke aifi tar in d|lTerent 
- localities:— 

(1) Cost of coke for one furnace, per 12 hours . . /o 7 4 

Cost of coke and tar fty ditto .... o 5 ^ 

Saving ■ £o ^^ 

» 

Thus showing a saving of 4d..for each furnace per 24 hours. 

(2) Coke saved in 24 hours, 1 ton . . . . £0 16 8 

Tar used, 9<J gallons, at lid. per gallon . .039 

Thus showing a saving of 12s. iid. per 24 hours. Value of tar 
as fuel up to 2d. per gallon. 

(3) Coke saved, 13 cwt. at 4d., in 24 ho«ri .£044 

Tar used,*68 gallons, at 10s. per ton . . . o 3*5 


Thus showing a saving of iid. for each furnace per 24 hours. 
Tar value, *I2S. gd. per ton. , 

When coCe i*-selling at per ton, and tar at 7s., the one 
can be sold ^s profitably as the other; but in the majority of 
CES6S it will psy better to sell coke than tar. 

Much less favourable as regards the value of tar are the 
statements of L. 'L Wright (/. Ciem. Ind., 1886, p._56i) 
according to whom the proportion of ste#m raised in a 
Galloway boiler by coke (from SilEstone coal) and by coal-tar 
was only as i : M*3 ; in firing the gas-retorts the proportion was 
I : M7 when atomizing the tar by steam, or i ; i '24 by 

gravitation feeding. _ 

Wright subsequently ‘ reports oij comparative trials made 
for raising steam whh coals, coke, tar, or creosote oil, continued 
for a perijd of forty-six days, with the following results;— 


_-- — -- 

Glass of fuel. 

• 1 

Nnmlier of 
dafs' trial. 

Founds of watw 
evap. from V' C. 
at 40 lb. steftn* 

^ pressure. 

« * ■- 

Founds of water 
from 100 * C. at 
atmos. preJBure. 

• 

* * 

Nottine Top Hard Cannel 

II 

7.46 

8.78 

Silkstone Gas Coal. . * .' 

7 

8*42 


Coke from Top Hard Cannfl. 

6 1 

8-34 

9.91 


► 6 

9.49 

IMS 

Tar steam injec* 5 ji . • 

7 

1070 


Creosote steam injected . 

9 




‘ / Soc. Chem. Ind., 1887, p’. 36. 
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Later on he alkndoned the injection by steam in favour of 
a simple apparatus, consisting of three fireclay slabs, placed in 
a slanting position in front of an ordinary coke-grate, with 
channels in between, through whioh the tar enters, together 
with air. The fixed carbon of the tar is burned farther on upon 
the grate. The draught need only be 2 mm. vacuum against 
6 mm. for coke. If black sihoke'ii? avoided the smoke-gases 
contain on an average 12-9 per cent COj. 

Kdrting ^ also shows that it is not possible to replace two 
parts of coke by one of tar as fuel. With a good (Muntz) gas- 
producer 100 kg. of Saar coal is distilled by means of 9-6 kg. 
coke, 100 kg. of Westphalian coal by 12 kg. coke. These 
9-6 or 12 kg., according to the caloric power of the substances 
in question, ought to be replaceable by 8 or 10 kg. of tar, but 
Korting was never able to attain this. The principal difficulties 
are:—that the supply of air cannot be kept near the^theoretical 
without danger of black smoke, ind that pr&/fjus’ly-heated air 
cannot be employed, because this involves keeping.the fire-door 
shut and prevents observing and regulating the flame. He 
considers the best plan that of spraying the tar by means of a 
Korting’s injector. •• 

Korting statfcs that in 1886 forty-four German gas-works, 
producing nearly half of ^he coal-tar obtained in Germany, 
were burniiig tar, and were thus consuming 11,434 tons of tar, 
equal to 12 per cent, of the total German production. He states 
that nearly all English |as-tvor^cs were burning tar equal to 
20 per cent, of their totaj production; but^ this is contradicted 
by other authorities, quoting the tar burned only = i to 5 per 
■ cent, of the tc^tal {e.g., Davis iii Chem. T^ide /., 1887, p. 103). 

Kraemer also cohsiders that much more t^r is bunted in 
Germany than in England, aqd that the fuel value of i'2 against 
I for coal is abo^ttt right. He proposes burning only the tar 
from' the hydraulic main and froth.the later stages of gas- 
making, and keeping the better quality for distillation. 

James Hargreaves proposed bunjing,coal-tar as a source 
of motive power in k specially-codfetnucted hot-air engine. 
According to the Chem. Trade /.'fef^ith June 1887,'an engine 
with ^ wor'king barreEof 25 in. diameter and‘18 in. ^stroke 
gave 2^7 indicated h.p. with a pnsumption of • 2 gall, of 
’ * GasteUucht.., 18J6, p. 543. 
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tar, that is an efficiency of 0-174, equal to the, best gas- or 
steam-engines. Since then very little bas !/een heard of this 
engine, but if it were successful the problem of disposing of the 
superfluous tar would be dafinitely solved. 

The use of tar (or heavy tar-oils) in intelnal combustion 
engines (Diesel motors, etc.) is s^iecially treated by Drexler 
{Oelmotor, 19^3, pp. 125, 3 tfc>.’ 433 /S 63 )- 

K’ayser (/. Gasbeleucht., 1914, pp. 200 and 220) discusses at 
length the use of tpr and tar-oil as fuel in furnaces and engines. 
In furnaces this fuel should be supplied under pressure and 
then broken up by air streams. A flat stream issuing under 
pressure appears better than spraying through fine orifices’ 
which are easily choked. In the lrinyi apparatus the oil is 
vaporized in a retorl; in the furnace, flowing into the reAirt by 
gravity. The -advantages of tar-oil in furnaces are smokeless 
firing, simglicity of working,^nd cheapness. Tar-oil is also used 
in Diesel engiiuJsx and Kortifig Bros, have a plant of 500 h.p. 
running with tar from vertical retorts. This works as well 
as a tar-oil installation while the cost of fuel is less, but a 
special smarting means is necessary. Tar has also been used 
in furnaces, for coating wood, etc., especially in roof work. 

Coal-tar is also used in conjunction with cfcke-oven gas, for 
heating coke-ovens.^ According to ^ng. and Min. /., 1^4, p. 708, 
this has the special advantage that the heating-gase^contain less 
sulphur. This latter oircumstance is also of importance when 
using a mixed gaseous fuel ifi Siemens-Martin steel-furnaces.^ 

Application* of Tar for preserving Timber^ Stone, Iron, etc. 

Coal-tar hae always been extensively employed for the 
preservation of building-mtiterialsjii all kinds., Stones as well 
as iroR and wooc^cafl be preserved much lonjfer, and protected 
against atmospheric infludhces, by a c«atin^ of coaj-tar. 

For stones, bric^worS, etc., esjjpcially’ when ^xposed* to the 
action of acid vapour!, Kuhlmann^ strongly recommends . 
painting with toal-tar.* Lort^ before tha't, however, it was usual 
in chemical iiyrks tji boil pe stones intended for erecting apid- 
tanks, hydrochloric-acid condensers, cSlorine-s^lls, etc.,in eas- 

' Eng. and Min.J., 1904, p. 708. 

* Comites tend.. Ivi.. dd. 1006. iia6. 



350 Uses (.)*’ raAL-TAR WITHOUT DISTILLATION 

tar somewhat* bo ’ed down, also to paint the brickwork of the 
furnaces and anyWood or iron work exposed to acid vapours 
with coal-tar, nay (jven to soak the roofing-tiles in the same; 
and this is don,e up to this day. '’Ft has been noticed at the 
works that coal-tar not merely renders,those objects less liable 
to be acted upon by damp, acids, etc., but makes the stones 
much harder and able to resist mechanical wear and tear. 
Hence the stones intended to be used for acid-cisterns and the 
like must be completely dressed by a stone-Inason before they 
are put in the tar-pan, as they will not take the chisel after 
^ boiling. Fireclay pipes, which in the crude state are not even 
water-tight and are extremely fragile, after boiling in tar become 
acid-proof, hard, and very little sensitive to chinges of tempera¬ 
ture. But there is no reason why the eraploymenf pf coal-tar in 
this direction should be confined to chemical works. It has 
been observed that brick-paving,lasts very much le.nger if the 
bricks have been first soaked in hot tar. Tlii/is also the case 
with roofing-tiles, and is as good as, though very rfiuch cheaper 
than, glazing them, to make them stand the weather. 

On my own recommendation, a large brick-works has 
extensively empjoyed hot coal-tar for preparing black roofing- 
tiles, with complete success. But it must be noticed that a 
mere dipping in ordinary coal-tar is not sufficient to produce a 
permanent coating of adequate .strength. The tar should be 
heated to at least 100° C.,and, the bricks or tiles, etc., should be 
left in it for some time, till, on breaking a sample, it is found 
to h?ivq rathet'deeply penetrated into the sirbstance of the brick. 
^The tiles are then left to dry for some time, isolated from one 
another on convenient frames; ,** 

For all these purposes the tar should be deprived of water and 
of its most volatile oils by ev'aporation or (far more rationally) 
by heating in a ‘Jtill; and much the best is the varnish or 
“refinei^ tar'^ made (rom pitch and tarioil {c/. Chapter VI.). 

Others recommend depriving tar of water, but no( of the vola¬ 
tile oifs, because the tilqs otherwise reiq,iii^greasy for some time; 
hence the “ prepared tar ” to be rrxe'iVioned later on should not 
be used for (blackening the roofing-tifes. These art; dipped into 
^ the wSi m tar directly they come out the brick-kiln while quite hot 

The Ges'elfschaft fiir Teerverweftung has taken oqt a Ger. 
P. (No. 271935) for protecting stones'by tarring.' 
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Tar is also employed painting metals. When laid fin hot, 
as frequently practised by blacksmiths, it produces a shining 
and lasting black coat. Also cast-iron gas-pipes are mostly 
protected against rusting a coat of tar laid on hot. That 
this is regularly practise^ in chemical works has already been 
stated. In such cases it docs not’matter if the coat i.s rather 
rough and thick. Should,however, a thin, equal, shining, and 
lasting coat be required, in the place of raw tar one of the 
varnishes made fram pitch and tar-oils, which are described in 
Chapter VI., must be employed. 

Before painting with tar, iron materials should, if possible, 
be heated, or else tar entirely freed from ammoniacal liquor 
must be employed, as the latter induced dorrosion of the iron. 

The Union of Gesman Iron-founders prescribes that tlTe iron 
pipes should be' carefully cleaned, healed evenly to 150° C., and 
painted inside and outside with the tar-varnish, which must be 
heated up at leisF to 100° The coat of paint should be 
firmly adhering and tough. 

When properly made, the protection of iron by purified tar 
(or, preferably, the tar-varnish described in Chapter VI.) is much 
better than by the eftdinary red-lead and linseed-oil paint, which 
is not merely gradually destroyed in damp soil, ^etc., but- 
according to Tocl^(/. Soc. Chem. Ifid., 1905, p. 527), gradually 
becomes pervious to water. * 

E. Fischer, in /. Gtts^eleucht, 1908, p. 1152, gives special 
rules for proceeding in tarriijg cast-iron pipes. 

The Aktiengeselkchaft fur A^jhalkierung, etc.,.fosmerly Joh. 
Jeserich (Ger. P. 65239), manufactures a varnish for painting 
iron by mi*:ing fat-gas tar produjts with “goudnjn’’ or bri»n-“ 
stone which, it is asserted, is superior ib*other similar paints 
by easily entering into all’holcs and pores, an<l by loosening 
and detaching rusf. * 

Raschig {GA. P. 307^) forms aSi em’ulsion *0! tar and 
clay in water which* can be emplpyed in the <^ld statg, and 
which he sends out *by ^the name of “ Kiton A.” It sferves 
for painting stfcne, bnckwiykj cement, concrete, iron, or any 
other metal, .j^ood,4 paper, paste-boan^ or roofiqg-felt. »It 
dries v^ry quickly, does not remain pasty, and* remayiaAard 
also when eVposed to the haat of the sun. It ddesf away with 
the danger of fire present.in the employment of tar-boilers,, 
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and can be eippld^ed by means of painting machines for badly 
accessible high d^lumns, frames, etc., without the necessity of 
a stage. “Kiton'’ contains about 50 per cent, tar, looks like 
boot-black, and can be diluted with«water to any extent without 
any secretion 6f the tar in the shape of drops. When the 
mixture has been standing for a long time, the tar is secreted 
in the shape of a fine, black powdei*, which by renewed shaking 
is again incorporated with the liquid part, forming a new 
emulsion. „ 

For preserving wood, coal-tar was recommended as early as 
1799, by Le Bon ; but for this purpose it is inferior to wood-tar, 
which even now is exclusively employed in shipbuilding. 
Wood-tar penetrates much more deeply into the pores of wood, 
covert, it with a coherent coat, and the preservative action of its 
phenols is assisted by its paraffin. The drawbacks of coal-tar 
are its free carbon and its naphtljalene. The forr^pr p'-events 
the tar from entering the very fi'uest pores latter, volatiliz¬ 
ing even at ordinary temperatures, leaves gaps, in the coat. 
Some go so far as to say that coal-tar produces interior rotting 
of the wood; but this has not been positively proved, and the 
manifold employment of coal-tar in chenxeal works has never 
led to such a'result. At all events the tar-varnishes are 
preferable to crude coal-tar'for wood-painting also. Tar vapours 
are said tq^ act even better than tar in preserving the wood; 
this has been patented by Robbins in the United States and 
by Paradis in Austria (Wagner’s Jahresber., 1871, p. 848); the 
success of this process,^^how-‘ver, is more than doubtful, as 
we 'shiill see when treating of xreosote oil. It is unnecessary 
•Ao^say that coal-tar is in any case very inferior fo thp “creosote 
oils’’ employed in ' tfie proper way*^ for “pickling” timber, 
as will be described in Chapter Vdll. 

Rives {Ding^. polyt. /., civil, p. ‘317) proposes as a 
subs’titute fpr wood-tar .a mixture coal-tarj rosin, and lime. 
A mixture called* 'sulphur-tar or benz-asphalt, prepared by 
boiling two parts of sulphur withi'thrge parts of coal-tar, 
has been strongly rfecommended 3% 'protecting wood, iron, 
and stone against decay and rust.^. A similar ipixture is the 
woodf^cmek, employed as a roof-covering (Chapter A 

mixture of coal-tar _ with its ow? weight of hydraulic lime, 
Portland cement, etc., is said to liqqpfy at 70°, and 'to yield on 
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cooling a soft, pliable varnish, resisting ac jjs and specially 
adapted for wood under water, water-pipes.)and roofing-tiles 
(Dreyssig, Ger. P. 10685). Wildhagen (6er. P. of 1885) 
recommends a mixture of wood-pulp, coal-far, glue and water, 
employed in the cold state. * 

Reilly (Ger. P. appl. R27210, of 1910) applies for the preserva¬ 
tion of wood,* coal-tar froA “whicfh the free carbon has been 
removed by centrifugaling. 

Application of Coal-tar for the Manufacture of Roofing-felt. 

Roofing-felt seems to have been introduced during the 
eighteenth century in Sweden by P'axa, and in 1791 in the Tyrol 
by Kag. Faxa simply covered the roof with millboard and then 
painted this with wood-tar. Kag prepared the millboard before¬ 
hand by impregnating with oil-varnish and dusting it over. 

So»n a,cheaper material* was fouhd in coal-tar, one of the 
first employment! AT which was for this particular purpose. In 
Germany it was first introduced in the beginning of the 
nineteenth century by Gilly, but without lasting success until 
about 1840, when several factories were established at Neustadt- 
Eberswalde and Leipzig, which were soon followed by others, 
so that the manufacture of roofing-felt in Germany, pnd later 
on in America, b^ame a very important branch of industry, 
consuming large quantities of coal-tar and considerably 
influencing its price. 

A historical survey of the^rhployment of coal-tar for roofing- 
felt and for roof paints, which 5 re frequently sold, by, f^/icy 
names,^ is given in the Asphalt- und 'Peer-Industrie Zeitung, 
1904, pp. .^15 and 43i.*^The consumption of coai-tar for tftis" 
purpose is very considerable ind«ed on’tfie Continent and in 
America. 

Se\^ral of th? Gferman factories work u^ to 10,000 Jtons 
per annum for ^oofing-fai^ This industry* is also very im¬ 
portant in America,* but here co^l-tar is frequently replaced 
by 'residues from the* reining of petroleum. 

Special ^treiftises on* thap'pdustry have been published by 
H. Kohler, CtufiUe ujtTechnologie der naiiirlichen und jeunstlicken 

* Of •such fancy names we will mention; lindol; fftmatin ? .^giol; 
sonnenkdnig f solitect j excelsior protection ; , tectorial j' hephsestos j 
furcrfin j lai^ saphire; etemol. , 
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Asphalte, 19O4; 

Anstrichmasse ; 

destination mit Dafhpappenfabrik eingerichtet sein muss, 1904; 
Friese, Die Asphalt- und Teer-lndustrie, 1908. We shall in 
this place give only a general description of it. 

Special investigations have shp\^n that the t^r employed in 
this way is very gradually changed by evaporation, but not at 
all by oxidation. 

The preparation of roofing-felt from single sheets of mill- 
board was soon replaced by that of rolls of great lengths, 
dispensing with all transverse joints on the roof, and produc¬ 
ing a roofing-material of great durability and extraordinary 
cheafjness. 

Materials. —The material for this manufacture is formed by 
rolls of mill-board made of pure wool fibre, about 3 ft. wide. 
The tar must be pure cbal-tar, fieed from water.* This was 
formerly effected by heating it in open pans, but is nowadays 
always done by distilling it in close stills up to the point where 
no more water comes over, with condensation of the benzol 
distilling at the same time. This “distilled tar” can be 
immediately en^,ployed for {he manufacture of roofing-felt, and 
is greatly to be preferred to “prepared tar,” that is, pitch 
dissolved in creosote, oil. Roofing-felt prepared with the former 
dries much more quickly than that made with “prepared tar." 
But the latter is better ,thai^ the former for painting the roofs' 
when laid, simply because it contains fewer volatile constituents 
and beeps tlie roofs more efastic. Ligni.:e-tar, oil-gas tar, or 
beech-wood tar can be used only when mixed with coal-tar or 
pftch. 

The sand required in this manufacture mhst be as free as 
possible from d^y, and of uhiform grain. River sand is better 
for this purpose'chart sand got in ^its. It must be.employed 
in the. perfectly dry.^tate, preferably'.^still warm. In the larger 
factories the -sand is dried, by means of mechanically-driven 
drying apparatus, raised lUp, sifted,J apd discharged into the 
impregnating pans with exceedingly little manual labour. 

The following is a (description of a ccrmplete modern plant 
for BiO manufacture of roofing-felt, as built by Wilhelm 'Liickau,' 
Hamburg.' As seen from Figs. and 66, a tar-still is fixed at 
such a height that the dehydrated tar can be run intq the pans 
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Luhmann, Fabrikation der Dachpappe und 
' [eterson-Kinberg, Wie eine modeme Teer- 




Fig. 65. 
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> , 

a, b, c, or a subterranean reservoir. The Jtill,.as well as all 
other apparatus, is heated by steam. The s^Il is charged from 
the reservoir by means of a ram-pump, with gearing d and e, 
which also serves for another reservoir, containing distilled tar. 
A tank between these two receives the anlmoniacal liquor 
distilling over. The benzol coming over at the same time runs 
straight into* wrought-iroft 'storfe-tanks. In order to guard 
against severe cold, the, aspirating-pipes of the pumps are 
surrounded with ^leating-coils. 

Pans a and b serve for preparing the cement required in 
covering a roof with felt, also for wood-cement, etc.; the manu- 





Fig.67. 

facture of the rgofing-fett itself takes pine* in pan c. This is a 
wrought-iron box, 4 ft. wide, 13 Jt. long, and ^ ft. 2 in. deep, 
with ^number ofwennovable winding-drums (j- reels (/) for the 
raw felt.* These drums Zf9 fitted on one side with,a cog-wheel, 
in which another cc^-whtel with hand-crtifk [g, Fig. 6f) can be 
made to gear. Thu^ 01^ reel after another is charged with 
felt The pan* is filled" wtthjtar to ^uch a height that the felt is 
at least co'frerfd. Tjje temperature of the tar should not be Jess 
than 9^° or 100° C., because otherwise tTie felt absorbs toalittle 
and the susface becomes gr^sy. 

From'the drums the felt passes through squeezing-rollers (»), 
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which <can be^ adjusted by a screw for greater or less distance 
(Figs. 67,68). These rollers are made of iron, covered with felt, 
and are turned by Land. They serve both for taking the roofing- 



The dusting with sand is effected by thb apparatus (Fig. 6 g), 
consiiiifig pf.a sand-box (a), a spreader (d), and sieve (r).' By d 
the supply of sand cdn regulateci at will or stopp^ 
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All this machinery is worked by hand. Many attempts 
have been made to do it mechanically,, but without success, 
as the loosened felt is not sufficiently resis'Ant and the least 
irregularity causes it to tear, which is easily avoided by a 
careful man working by hand, , 

• The raw felt is supplied in various strengths from 600 to 
2000 superficial feet per cwt • The sand must be sharp—that is, 
of fin* grain and entirely free from clay. It is first dried in the 
air or by artificial heat, knd separated into various sizes by 
means of a cylindir-sievfe. Where good sand is not obtainable, 
sifted coke-breeze, slag, eta, can be used. In some cases even 
sawdust is employed. Sometimes felt sanded on one side only 
or not at all must be made, in which paje the squeezing-rollers 
are placed togetfier as tightly as.possible. 

A detailed description of the manufacture of asphalt-pipes 
and^oofing-felt, which does not essendally differ from the above, 
is given Pet^sqjj-Kinberg.in a booklet: Wh eine moderne 
Teerdestillation und Dachpappenfabrik eingerichtet sein soli, Wien 
und Leipzig, i^4,-pp. i 6 j^etscq. 

The firms of Albert Liick, at Leopoldshohe-Stassfurt, and 
Heinrich* Hirzel, Plagwitz, Leipzig, undertake the supply and 
installation of compTete plant for roofingTelt. • 

Roofing-felt is employed principally for roofs, either by itself 
or as a basis for Siates or tiles ; also for covering wooden parti¬ 
tions, and for pipes exposed to the open air. It Ts frequently 
used for insulating brickwork,ag#insfcthe humidity of the soil. 
This “ insulating felt ” is m?»de fysm the strongest raw felt; the 
impregnating mass*is made very thiCk. The squedking-rOllers 
are placed far apart, and the “ sanding” is done with gravel the 
size of pefc. This kindgof insulafion is jr^ferablefto the former 
method of pourmg on a layer of Asphalt, for when the brickwork 
settle^down the^as^halt splits and admits tht moisture from 
below, wiiilst thf felt adju^s itself to the ch^i^ed conditicftis. 

Attempts have ireenlmade to put tbe,tar at 8nce into the 
heating-engine where thp felt is'made, but ncfthing'is*knowr 
as to the result 

We quote a number flfderman patents referring to tht 
manufacture bf rooffhg-felt, or to varnishes for imoftenatine 0 
coverihg it;— 

Otto,.No. 3141; Siebel,*No. 43349; Jacobius & Sons, Nc 
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54224*; Kan?rt, No. 91809; Andernach, No. 92309; Wangen- 
heim, No. 78047^ Roedelius, No. 64680; Gentzen, No. 70852: 
Richard, No. 73122; Joecks, No.96094; Hatschek, No. 101453 
Hoepfner, No. 10^899; Dorr, Nt. 137507; Nebeling (appl 
B41262); Heil^jern & Haas, No. 160660. , 

British patent: Walbinger, No. 11593, 1902. 

Sometimes roofs made of tar-fflt are subseqliently painted 
with ordinary oil-paint. This is a ^nistake, unless the felt has 
been previously covered with an insulating layer of quickly 
. drying varnish or of blood and slaked lime, which must be 
allowed to harden before the oil-paint is laid on. 

Coal-tar, a,r a Cementing Substance. 

Rtw tar is much less used for this purpose than pitch and 
other articles manufactured from it. It appeal^; however, in 
that function in a good many patents. 

Formerly raw tar was frequently used»f(y forming blocks 
from small coal, called patent fuel {briquettes'). U Jias now beer 
generally replaced for this purpose by pitch, which is much 
better suited for it, and of which we shall speak in Chapter VI, 
A new German patent (No. 170979) iri this line has been granted 
to Shedlock. P6ssibly that is the process mentioned in Progres¬ 
sive Age'xxv., 469, as practiced in a place in South Wales, where 
it is claimqd they use only 5 per»cent tar instead of 8 or ic 
per cent, pitch—a most doubtful assertion 1 No account of the 
quality of the patent fuel'obtained in this way is given. 

J. Alexander (Ger. P.^28r398) manufactures briquettes from 
coke powder, with or without admixtures of wood chips, by 
«iuans of tar obtained irt the production of ga'Seou| fuel from 
fatty substances, at a pressure of icxJatmospJjeres, preferably 
with addition of the soot precipitated in the retorts and pipes. 

Coal-tar is ujed for cementing pulverulent substances to 
form’solid (jlocks Jjy Cl* Dorr & C«.{Ger. P. <137567). These 
substances, sawdust,*^and, pebbles, arS addud to the tar, heated 
up to* 1*50° C., and the mixture is further heated to 150° to 200°, 
until from; 7 to lo per cent, of th^ tai* has distilled off. We 
come back to this wbdn treating of the epiploy^merit of tar in 
road*epaking. (Similar'’methods are described in Rubitsghtmg’s 
* Ger. P." 144457, and in several pthers which will be more 
appropriately treated in Chapter VJ.. 
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Mathies & Co. obtained a Ger. P. 163002 for innj)roving coal- 
tar as a cennenting Substance by the addition of micaceous iron 
ore and “ mineral-oil varnish.” * 

Eiseler (Ger. P. 59244) cambines coal-ta?*with bone-charcoal 
and fibrous matters under pressure to form a ceitient for making 
joints. * 

The “ basit lining ” in* the Thomas and Gilchrist steel- 
making process is also made by the help of coal-tar. 

According <0 G^r. P. 48701, it can be used in preparing the 
sand for moulds in casting iron. 

Daischner (Ger. P. appl. D11210) and Culmer (Ger. P. appl. 
C8303), applied for German patents for the use of tar as a 
cement in the coijstruction of furnaces foi* sodium carbonate and 
sulphate—an application which has been known and practised 
for many yeSrl.- 

Application oj^ogi-lar for Making and Improving Roads. 

Of recent 4^oftrs coal-tar has very largely come into use, both 
for manufacturing various descriptions of “asphalt,” from which 
roads arej:onstructed,or on ordinary roads, for improving these 
and especially for keeping them free from dust. 

Special treatises on the formation of strSct-dust and its 
prevention are; Bernhard, Untcrsucihingen iiherdie UrPhchen der 
Bildung des Staulm auf Kl»inschlagstra.iscn, etc,, •, And&, 
Die Beseitigung des Stauies, 1908. 

Special periodicals: Rauch’untl Sfauh, Asphalt- und Teer- 
Industrie Zeitung, B\pumen. 

For this purpose both raw tar is used and such as has been 
“prepared” by*dehydr»tion and ,in dther ways \jhich willja* 
described later pn. Co^l-tar has^ been ^Jed for road-making 
for many years past in France .and in the United States 
(according to Pewiook, in 1903, 16,000 tons tar were jused 
for this purpose in the Uiyftd States), and recently ;t is coming 
more and more into*use fo the United Kingdom, in Ge'rmany, 
and in other countries. 

In Great Baitain iif tSe,year igfoy only 100 miles of road 
had a covering of t^rry mixtures; in 1908 this rose to joo 
.miles; .in 1909 to 3000 miles; in 1910 tc? 7000 mjles. 

In that-country the tar, process has been quite generally 
introduced,*and all road-ipiproving authorities are now fully- 
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convipced of its success. The county of Kent has made the 
greatest progress in this direction; then follows Surrey, and 
altogether all highways starting from London are now tarred, 
and therefore free- from dust. In Scotland also progress is 
being made ip this direction. At first some public boards 
resisted this movement, on account of the expense; but 
experience has shown that tprred r4)ads go much longer without 
repairs than others (cf /. Gas Lighting, 1909, p. 808). . 

The second International Cofigress of Roads, held at 
Brussels in August 1910, has also pronounced in one of its final 
resolutions that the surface-tarring of roads has to be considered 
as finally introduced into the road preserving practice. 

Burschell * gives a detailed paper on this subject. Apart from 
forni^r trials in this direction, this matter was’seriously taken in 
hand in the South of France by Guglielininetti_»ind Schottelius. 
At Monte Carlo a very g^ood result was attained, at no higher 
cost than by the old system.® ^/schell ^^^ained sirtiilar results. 
The road looked like half-asphalted; the surface was smoother, 
the noise was greatly diminished. In Wurlemberg, also, Braun 
attained very good results. There they employ as a first 
preparation a “ thin light tar-oil,” spreading it with' watering- 
cans and brushes. The macadamized road should be as dry as 
possible.; the oil then pesetrates to 3 in. downwards, and 
about 3 lb. of it is used for each 10 sup. <t. Now the tar is 
put on, beginning from the central part of the road ; it is heated 
up to 70° to 90° C.,spre^ uniformly, and brushed in. For each 
10 sup. ft., 4 to 5 lb. tar of ^p. gc. 1-2 is used, when the road 
haid not beeh oiled; in’the other case otily about 3 lb. This 
process is also very useful for the side-walks. • In any case the 
roads must then be fevered tvith sieved road-dust, ind it is all 
the better if the process is repeated. Braun’s'process costs 3d. 
per 10 sup. ft.,‘it 3 lb. oil at id. and 3 It}, tar at ^d. haye been 
used. Accordii!|[, to Burschell, thjg is less th^ the eost of the 
ordinary ibad-mefed* consisting oflgraiyte smalls. The tar 
penetrates J to i in., and* produces a tough, elastic, water¬ 
proof service. 

Brix* reports very favourably* on the success obtained by 
tarring roads. He, retommends heatable* spreading-cars. The 

^^Sasbel^cht., 1905, p. 10J3. ® Ibid^ 1903, p. 868, aijd 1984, p. 8oj, 

• ® Ibid., I904*p. tor. 



363 


USE OF TA| FC^ RdAD-MAKING 

• 

juantity used should be J galL per lo sup. ft. The /oads 
should be dry during the tarring, and the weather 'should keep 
fry immediately after it. i 

Mallet and Payet (/. Gasbeleucht., 1994, p. 945) report 
similarly about this process as used in France. Tljey recommend 
in addition of 3 to 6 per lent, heavy oils to the raw tar. 

• Raw tar is, decidedly ir^erior .to “prepared tar” for this 
purpose, as proved by comparative trials in the city of Cologne 
[Asphalt- und Teer-Industrte Zeit, 1905, p. 20). 

And6s {loc^it.,*^. 147) states it as finally proved that all 
aminoniacal water must be removed from the tar, both in order 
to make it less disagreeably smelling, and to prevent those 
places in the road which are impregnated with water from 
taking up the tar.* Anyhow the tar must be sufficiently liquid 
to penetrate 3s*deeply'as possible into the road-covering. 

Specialprrescriptions for the quality of the tar for spreading on 
roads have fiot been^sued Ky^iublic authorities, except in the 
United States, where rules for the limits of the specific gravity, 
the percentage ^Nixed carbon, the intervals of distilling, the 
viscosity, and the yield of pitch have been issued. J. Weber 
Smith {J.'Gas Lightings 1911, xciv., p. 169) gives the following 
specification for the English road-tars. The taj is taken from 
gas-works or coke-works. The gas- 4 ar is to be obtained from 
pure coal, and not •to contain more than 15 per cent, of water- 
gas tar. It should have the following properties:—* 
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It must be borne in mind that all the rules laid down for the 
quality of road-(;ars have been derived from experimenting with 
special tars, and' that they must be accepted with all reserve, 
for it is well knctv^n that the success of road-tarring depends 
not merely or. the quality of the tar used, but even more on 
the accidental circumstances during the tarring experiments, 
especially the temperature-and'State of humidity of the air, 
and on the state of the road, in respect of dryness and the 
dust. 

To be sure, objections have been raised on various sides 
against the tarring of roads, more especially against “surface¬ 
tarring.” It is contended that the trees and other plants in the 
neighbourhood of tarred roads are gradually killed, that the eyes 
of the people on such roads are injuriously affected, and that 
even the durability of tarred roads agamst heaty traffic, motor¬ 
cars, etc., is less than that of ordinary stone or hiacjtlwnized 
roads. The reports on these points »re /'ery contradictory, 
but the complaints made seem to apply much less to “ inside 
tarring ”— i.e., the employment of proper tar^macadam or artificial 
stones like that to be described infra. 

Doerrite .—Much attention has 'been, given in Germany to 
an artificial stone for road-making, patented by Klemens Dorr, 
of Germershausen u. Rh.*'(Ger. P, 137567 of Dorr, and 144322 
of Rubitschung, cf. supra, p. 360), and''known as doerrite. 
Although this is generally manufactured by means of “prepared 
tar,” i.e., such as has been heated up to 140° to 160°, or of pitch, 
as we shall see hereafter, we wSil give its description in this 
cdtineition. The tar is''mixed with assorted gravel, previously 
^ried, in heated drums; the mixture, is moulded by means of 
a pressure of 4 atmi- into plates or b^cks which are cooled ly 
ivater on the carrier band.' They consist of 17 to 20 per cent." 
iar and 83 to“8o per cent, silica. At the .time of tha* report 
;hey were produced at a rate of 4900 tons per anfi'um. The 
slates'have a rough'surface, and therefore’are very well adapted * 
lot .itierely for side walks, but also ^for stables; they are quite 
vater-tight, and forrfi a warm fiporiti^ At S.^uttgart the same ■ 
paterial is used for jointless rdat^s. For this purjJose it is put 
inJn^awSrra, state, rSmmed" in, and rolled aftir three or four 
lays. “^In, that city they employ, basalt smalls and prepared 
:ar,'and give the plates a thickness of a. in.: the cdst is cs. oer 
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0 sup. ft. They claim for it the following advantages ; irccuuni 
rom noise, avoidance of slipping, resistance against water and 
.Ikaline liquids, and inconsiderable wear and tiar. 

Many reports have been made on tar-pafements in various 
>arts of Germany. In France a special Societd de Goudronnage 
les Routes has been established (17 rue de Bourgogne, Paris), 
rhich extends ftiis process rrtofe and more every year. 

Thd process of road-tarring is generally the same, with 
imall variationi^ T^he tar is heated up to some extent; some 
jrescribe 70° to 90°, others, 100° to 120°, others 135°. The surface 
)f the road is cleaned from dust, the tar is spread on it, and is 
!venly distributed by suitable means. The operation must be 
:arried out during dry weather, and in warm days, most 
suitably after warming up the road surface by heated rc 41 ers. 
A damp surfacl-does not take up the tar very well; on a cold 
surface jt ^ickens by cooling, and the greasy mass formed 
muses much trouiile»l»y adheriilg to the wheels of the vehicles. 

' The spreading,^ the hot tar on the roads is now generally 
performed by specJklly constructed machine-cars worked by 
horses or electro-motors. The tar is converted into a fine spray 
and is laid evenly or^ the road in a width of from 3 to 5 ft., 
either by means of brushin|-rollers or by ccmical spraying- 
tuyeres under a pressure ofTrom 7 td 15 atmospheres. 'In most 
cases the force-punTps are wo»ked from the axles o[ the tank- 
car holding from I to 5.tons of tar, which is heated on open 
fires or by steam-jets. Suitable machinery for this operation 
is described in man); patent? and price-lists. Frequently the 
tar is made thinner by mixing it with creosote oil. 

The qi^ntit^ of tar .required for this purpose^ varies frt^ir 
I to 3 fb. per superficial )%rd. 

After the tar has been laid on, the road must be kept deal 
of traffic for a few hows, in ojder to allow the;*tar to penetrat< 
below the surface,'to a dppth stated ^rom half an inch to : 
in. and more. It is th^ covered by -a'thin^ layer bf dr) 
sand, or of the dust previously removed from the centre 'to thi 
sid^ofthe roa4(where^it*is^sefuHif preventing any running 
off of the far .daring; the spreading operation). A propejl; 
tarred road loolcs almost like asphalt "Iliere is ipucn les^ flois 
caused by the traffic and ^)ractically no dust .SucR tarre 
roads keep'much better t^an the ordinary macadam, and th 
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greater expense in comparison with the latter is more than 
counterbalanced by the saving in the cost of maintenance. But 
a preliminary condition is this; that there should be a certain 
period of dry weatlier before and after the tarring—this being 
in unavoidable' drawback of the proce^is. 

A much more efficient way of road-tarring, feoth in respect 
of the keeping up of the road and of permanently doing away 
with the dust nuisance, now very much employed in the United 
Kingdom and the United States, is the brirrging on the tar 
:oat below the road-surface. This procedure is carried out, 
either by putting a thick coat of tar on to the coarse gravel 
and laying on this the not-tarred fine gravel, without 
subsequent tarring of the surface; or by tirring the surface 
matdtial before putting on the coarse gravqj,. The latter 
way is known as the "tar process; it seems to be the 
best of its kind, giving' to the voad the appeara!iCe'‘of cast 
asphalt, very easily cleaned, quite free from dust in dry 
weather and from mud in rainy weather, th^'Surfhce remaining 
in a rough state, and being less slippery than asphalt roads. 

The mixture of the various substances required for tar 
concrete must be so intimate that ever/’ particle of gravel or 
sand is completely coverqjl by tar, without any excess of the 
latter, which would cause the concrete toAe too soft Some 
engineers bring on the tar concrete directly after its preparation ; 
others prefer leaving it alone for three or four weeks before 
laying ft on to the roads. 

. Wg can mention only a tew of the rtumerous processes ol 
this class described in, patent specifications,.and periodicals, 
'without anycprejudice to other processes not described Ijere. 

The Northern Quarries* Company, Ltd.,'at Grange-over 
Sands, in the, year 1904 patented a special process ^^of tar^ 
macadam, nam^ the “Quarrite-P^avement*^' ^Ger. B. 174971) 
by means fof specially painted mining ^ machinery (Gen P 
177940). Their machinery lis so strongly built that it resisti 
the lieaviest traffic and Js insensilj|le, t'o heat. The mixing 
cylinder is horizo'ntally placed/knd about one-third of thi 
top is left open; on fhe top there are three< 4 pouts runninj 
all •akiBg, the central of which receives the tar, the si<i( 
spouts redeftdng coarse and fine'' gravel. Special means an 
provided fop dropping those materials iijto the cylinder-p^ 
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all along, quite evenly and in proper proportions, and 
thoroughly mixing it up in the pan in an extremely short 
time, after which it is discharged into wagons by turning the 
cylinder i8o°. The Unitecf States patent for this process 
has been taken out by ^Varren Brothers, thq, (jerman patent 
by the Deutsche Quarrit- und Bithulithic-Pflaster G.m.b. H. 
Powell J^J. Gas Lighting, 1905, p.' 554) makes a favourable 
report on this process, as carried out in the United Kingdom. 
The cost of theNpparatus is >^400. The daily output of 35 tons 
of quarrife requires 25 cwt. coal-tar, 4 cwt. pitch, 5 cwt, coke, 
at a total cost of 4s. 2|d. per ton of gravel, exclusive of interest 
and depreciation. Whilst before employing quarrite, the roads 
had to be repairec^ every three years, th*ey now s.tand seven or 
eight, and even up to tan years, and are entirely free fromTlust 
and dirt. ^ ' 

Raschigia “ Kiton,” a mixture of *tar and clay, has been 
already mentionec^DiT^. 351, in connection "with the painting of 
wood, stone, etcl'J^r. P. 216212). For road-making not less 
than 2 kg. of Kiton (corresponding to i kg. of tar) per super¬ 
ficial metre is to be diluted with three to four times its weight 
of water. This shoulc^ be done immediately before putting it 
on to the gravel, and a covering of sa|id rolled upon it. ^ It can 
be also used for finijjied roads as preventative of dust. Roads 
treated with a 10 to 20 per ceht solution of Kiton remain free 
from dust between one and four weeks, corresponding to the 
traffic. 

Nowicki (Austr. R appl. 7635,"of 1^9) employs the.wajte 
liquor of sulphite^cellulose factories, inttaately mixed with half 
its weight ef coal-tar or* tar oils (which mixture can be diluted* 
with any quantity of water), for keeping roads free from dust. 

Wallbaum (Ger. Ps. apfil. W3g462 and 3S262, of 1909) 
prepares ^n emulSon? from tar, pitch, etc., 4 y fusing these 
substances with fosin, naj»h!henic acid? etc.,*and pouring the 
mass, while hot, into* a boiling solution of soap, containing 
free alkali. 

H. Jack (B.»P. 24023, «f, 1913) removes from coal-tar, 
intended to be.used •for tarring roads, ^he naphthalene afld 
.!phenols«(which tend to make it crystalline and •corrosJVe)'by 
’heating up l[b 90° or 100°, thfen mixing it .with artthracene or 
' aiithracene’ oils, and passing^ a current of air through the 
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mixltre until the desired degree of viscosity has been attained. . 
The addition of anthracene may go up to go per cent, of this. 

Rhodes and filossop (B. P. 5813, 1914) describe a filter for 
the tar used in sp^Sying-apparatus for tarring roads. 

Asphalt and Pitch from Coal-tar without distilling it. 

u < t * 

As far as such substances are made from products obtained 
in the distillation of tar as residue ifl the stills, we shall treat of 
them in Chapter VI. Here we only treat of'^ch processes as 
are employed for converting raw tar into solid or semi-solid 
substances of a prevailingly organic character, similar to asphalt 
and pitch. . „ 

Xrainer (Ger. Ps. 134109 and 138001) heats wood, coal, etc., 
with tar under pressure, and thus obtaitls a kin'll of pitch. 

Coulson (B. P. 2102,_ of 1904) prepared a'solidified t^'.r.by 
heating tar with sulphuric acidi ' 

Stringfellow (B. P. 736, of 1894) mixes 100 tgr with 100 water 
I alkali and 10 petroleum, thus obtaining^' light red oil, then 
soft pitch, which can be used in shipbuilding, and an aqueous 
liquid. When mixing the whole before separation with dry 
lime and clay, an asphalt is obtained, which can be used for 
paving. 1 ' 

Leaver (B. P. 17209, of 1909) drived off the oils from' 
coal-tar up to the temperature of 360° F., runs the mass 
remaining in the tar-stiJl into a. heatible stirring-apparatus, and 
treats it in this apparatus gt a'temperature of 200° F. with' 
‘’ifiphuric'*acfd up to the'consistency required. 

Wendriner (Ger. P. 170932; B. P. 4427, of’-igod) also heats 
ar or tar-olls with sulphuric' acid, but he adds to fhis .a treat- 
nent with hot steam up to the point where the sulphonic 
lompounds are ,hydrolyzed,“and a residue is pbtained, psactically 
red- from sulpflur, neptral and insoluble ip watei. This is" 
nixed by* fusion. with the hydrocarbons driven off by ,the', 
iteaming, in 6rder to obtairf a product of the desired degree of 
riscosity. 

Sulphuric acid is also employed Dy li. von Wirkner (B. 
:3 i8j^oFi 903; Ger. P. 158731). He heats tafor tar-oils with^- 
rom 10 to joo per-cent sulphuric acid of sp. gr. i;7i to i8o° C.j| 
n above, until the Sulphuric add is decomposed, and-the vdapei i 
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substances have distilled off to a sufficient extent so that the 
remaining pitch has the intended degree of hardne'ss. If more 
sulphuric acid be used, substances are formed which have no 
more the character of pitch, pr the carbonization goes too far. 

Frances Merrill (Ger. P. 160617) heats the ^ coal-tar with 
10 per cent, water and ^ per cent, ferrous sulphate to 300°. 
Thus pitch is* obtained wkiah is brittle, easily reduced to 
powder, and easy to mix with the small coal for briquettes, 
without the ti^ble causefl by -the employment of sulphuric 
acid through tnb- escape of acrid gases. 

The Societe anon, des Combustibles industriels at Haine St 
Paul (B. P. 16182, 1905; Ger. P. 161950) makes pitch from tar 
by treating it with ozone or chlorine petoxide in the presence 
of alkalis, lime, or dolomite. Ozone is also used for this puspose 
by Breydel (G(K. P, appl. Bs88oi, of 1912). 

Xhe ^CheSnisme Fabrik Florsheira^ Dr Nordlinger (Ger. P. 
171380), employs Jjie,iyidising action of aip He had previously 
applied this t^getting pitch-like substances from wood-tar 
(Ger. P. 163446), a??A he now extends this to coal-tar and tar- 
oils. His process consists in heating the tar to about 120° to 
150° C. in"the presence of air, oxygen, or ozonised air, until the 
product shows the desired properties. • 

Trillich (Ger. P. 200524)•stirs imparts of dried and sifted 
spent gas-lime into Too parts pf dehydrated tar, and thus obtains 
an asphalt-like pitch easijy soluble in benzol. 

Rudolf Rutgers had already, in 1904 (B. P. 23680, 1904), 
described a process for the Tnanwfacture of pitch from heavy 
tar-oils by introducing heated air into the hot tar-oils. * Liter 
on (B. P. 3^92, j^6) he^hows that this process m^ be appl^ci 
to the •tar itself hy heating it directly vthile air, or other gases 
containing oxygen, or ozonised air*are introduced into it. The 
first hfittting of th^ ccal-tar ^rives out the fight oils, carbolic 
acid, and^yridin^s; later^on the intei^edig^e oils are driven 
out with naphthalena^ an(^ at last the residue is converted into 
pitch. The process may^be accelerated by tl?e presence of 
catalytic bodies,^uch a^cBf^r salts When applying the air 
for six hours at 220° C., a mor^viscous and lessodorous prodyct 
is obtained. B^ continuing the heating,Tnterme^iat^ p^ge^cts, 
and at fengtJi brittle hard pitfh may be obtained. »Xhe*process 
.differs frora'known processes by producing a maximum of pitch, 
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throu^ limiting the distillation and regulating the temperature 
in such manner that as much as possible remains in the retort,’ 
where it is convAted into pitch by the action of hot air. In 
the ordinary distillation of coal-tar only that pitch is obtained 
which forms pirt of the raw tar; bu]; by this process the dis¬ 
tillable portion of the tar is also to a great extent converted 
into pitch. f ' I" ' 

Peck (Ger. P. 124629) makes artificial asphalt by heating 
a mixture of 50 parts tar, 50 rosin, and 50 pe^rqJfiUm residues at 
160°, and further at 177°, whereupon from 3 to'6 parts of brim¬ 
stone are added to it. 

Gasset (Fr. P. 327959) prepares a surrogate for indiarubber 
by heating 120 parts coal-tar with 25 partr boric acid, and 
passifig oxygen through the mixture. 

Mariott (/. Gas Lighting, igo7, p. 694) eva^'otates coal-tar 
to the requisite consistency and mixes it with dry, pjilvernient 
china clay, thereby obtaining a solid, tough'substance which 
he calls “ vulco-bitumen,” and which, he staj>er'« of the same 
quality as the best bitumens from Lake Trinidad. 

G. Blass & Son (Ger. P. 174249) solidify coal-tar by the 
addition of anthracene residues, anthracene, or other high- 
boiling hydrocaibons. 

The Patent Block-tar, '^Motor-dil and Asphalt Co. prepare 
coal-tar in,. block-shape by a special process {Engineering, 
1909, p. 85). 

The Tar Patent Solidifying and Distilling Co., according to* 
Chem. Trade,J., 1907, xl„ igTi, distil off ^he water and crude 
naphtha, and run the residue, while hot, into a vessel, where it 
is mixed witjy. 5 per cent" of 41 material (such as granite chip- 
pings), which causes'if to soljdify, and thereby renders ft more 
portable. The solidified blocjts may be used for all the ordinary 
purposes of gas-tgr, or of pitch in ^he mahufajcture of briquettes, 
and the ligjit oils< are still obtaindd, from the material as in 
the ordinary pj-oceSs'of tar-distillation. " 

A-b*derhalden (/. Gasbeleucht,, 1915, p, 140) tried to isolate 
the high-boiling oils of cdal-tar^wottfout fractiTOal distillation. 
If coal-tar |^s mixfed in the cold with the saipc weight’of benzene 
(petrokum spirit), two layers are formed, viz., a viscid^,almost 
solid pitch-and a supernatant liq^d containing the tenzenc 
and the ordinary tar-oils. The author calls the low^r .stratum 
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‘ pitch-oils.” They can be obtained both from tar and pitch, 
ind form a light, inodorous, chocolate-coloured powder, fusing 
It 193^ containing 94'32 per cent, carbon^and 4-06 per cent, 
nydrogen, corresponding fo the empirical formula 
It boils in a vacuum of 5^ mm. mercury at about 350°, without 
sensible decomposition; at atmospheric pressure the boiling- 
point^ is about 400°, and there*is much decomposition and 
evolution of gas. This »pitch-oil” forms an emulsion with 
free carbon w'hicl* is destroyed by dissolving it in benzene, 
which causes the carbon to separate. 

Davis and Windsor-Richards (U.S. P. 1148011) separate 
constituents of coal-tar by acidifying it with sulphuric acid ‘ 
and extracting vfith kerosene. * 

Coal-tar afkl Preparations from it for Antiseptic and 
_ ^edicihal Purposes. 

The antisep-tj^ property of coal-tar has for a long time been 
known and utilizei>) its action as a paint on wood depends 
partly ligon this. No doubt it results from the fact that tar 
kills the lower orgaijisms. For this reason it has also been 
tried against the potato- and grape-disease; but in these cases 
the cure may be worse than the evit. Vines treated ^ith coal- 
tar or the heavy t^r-oils mostly yield objectionab^ flavoured 
grapes, and the wine made therefrom is affected in a similar 
manner.'' 

E. Koch has patented a Tnixture of tar with gypsum, sand, 
lime, silica, or aluminium silicates, as an insecticide ftatlure, 
and for preserving coan, other seeds, and the ,^oots of vip^ 
from the ravage^ of inseifts (Ger. Ps. 14^6 and 18637). 

Coal-tar is also used /or pelting the wooden floors of 
hospitals, barracksi wtrkmenjp dwellings, etc., ’order to render 
them water-tight, and tp •diminish tfie danger from germ- 
infection. One kg. of co^l-tar suffices for^af surface of ij> sq. m. 
= 107 sq. ft.“ 

Taf, or mii^ures conra^ing 11, is irequentiy usea lor ais- 
infecting cesspools, jewers, efc. Best known in England is 
‘ Cor^u {Comftes rend., 2nd Octotier 1882). Watjon SmMi t^riv. 
comm.) has naet with a similar objfsction in the case of cele^r^roVn by the 
aid of manuie made from vitriol-tar and lime. 

’ Gesundheits-lngenieur, i 836 , p. 434. 
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MacDougal’s ;lisinfecting-powder {consisting of loo slaked lime, 
10 coal-tar, 15 magnesium chloride); in Germany, Silvern’s • 
disinfecting-mixtuVe (100 slaked lime, 15 coal-tar, 15 magnesium 
chloride). No doubt raw tar is inferior in this respect to the 
specifically disinfecting-substances it contains, such as phenol 
and naphthalene. 

According to Sack {Chati. Zeii., 1903, Rep., p. 148), the 
Chemische Fabrik Knoll & Co., 9/ Ludwigshafen, sells a 
“purified tar,” entirely free from free carbon,.in appearance like 
olive oil, for medicinal purposes; it is stated to be specially 
adapted for the treatment of skin diseases, on account of the 
absence ofj)itch. The product is called “ Anthrisol.” 

Joseph Giraud deodorizes tar or tar-oils for the manufacture 
of soap, etc., by heating with ammoniacal copper solution or 
by salts of iron, manganese, or chromium, addipt; an alkali and 
passing steam through the mixture, ■■ 

Tixier (Ger. P. 138764) obtains all the-spluble “extractive 
substances " contained in tar in a single opgtati&'n as follows. 
A mixture of tar and sodium carbonate, Corresponding to its 
percentage of soluble substances, is heated at a tenjp'erature 
between 60° and 100° C. The quantity of NajCOj, as well 
as the most suitable temperature, is ascertained by previous 
trials. The mass gets into a state of frothing, the end of which 
shows that the reaction is over. Now a quantity of cold water, 
sufficient for dissolving the soluble portions is added and the 
solution decanted. By meahs bf an acid the substances are 
precipitate, ^nd mixed \yith the necessary quantity of sodium 
carbonate at 60° to lOo" C. This produces a pasty extract, 
sokble in w^ter, which can b? brought into a solid fqrna or into ' 
solution in the usual fnknner, and is usbd for antiseptic purposes 
in hiedicine. . « 

Mann (Ger. 'f. 170133) dissolves such substance? in "a 
suitable vol^ile solvent, and pours t'Aal solution into a' mixture 
containing both and some organic “or inorganic colloid 
substfuice, e.g^. starch. This mixture 4s heated and thoroughly 
stirred up, by means of a statm‘-jet. When running the 
solution, s^y, of‘asphalt in benzol, into the hoi; mixture, the ' 
benzol volatilizes and is recovered by condensation; the ^phalt, 
eta, remains® behind, intimately mixed with the diquid, and- 
remains,in this stkte, if the agitatii^ continues until the mass;! 
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has cooled down. If necessary, more water is added duwng this 
process, always with energetic oxidation. In* this way an 
emulsion is obtained like an unguent, Tjfhich mixes quite 
uniformly with water and^forms a durable emulsion. 

Coal-(ar*for Denaturing Alcohol. 

Hache ((jer. P. I4448?)*mi3?es decanted tar with its own 
volume of spirits of wine,^separates the liquid from the sediment, 
dissolves it ifl j tq lo parts benzol, and employs i part of it for 
too spirit of wine. 


Coke from Tar. 

Dahmen anS Haggi Ristic (B. t.'20967, 1903) introduce 
tar in a thin jet into white-hot iron retorts, where it is 
decomposed wh deposition of coke. 

Th'h TBanufacture of soot an^ lamf’-black, for which sometimes 
raw coal-tar is e'ihployed, will be described in Chapter VIII. 



CHAPTER in 

THE PROPERTIES OF COAL-TAR AND ITS CONSTITUENTS 

Coal-tar is a black, more or less viscid fluid of peculiar 
smell, of specific gravity I'l to 1-28, usually between M2 and 
M5; London tar averages i-2, and sometimes amounts to 
1-215; country tars are lighter; cannel-coal tars still more so.^ 
It has been asserted by some that tar is more valuable the 
lower its specific. gravity. In any case, this could only be 
said of pure coal-tar, whose specific gravity generally rises 
with its contents of free carbon; but since the tar from 
cannel-coal, shale, etc., which contains more toluene and paraffin 
than coal-tar, is much lighter than the latter, the above 
criterion is not in any way to be depended upon. 

The determination of the -specific gravity of tar, tar-oils, 
and pitch is described by J. M. Weiss (/. Ind. Eng. Chein., 

' viL, p. 21), according to well-known methods. 

Coal-tar, like some of its constituents, has poisonous 
properties. Even on the surface of the sk,in it sometimes 
‘ cause! inflammation. The reports of the British factory 
inspectors repeatedly - mention this, and_ consider it‘identical 
with the “ chimney-sweeps’ itch.” Workmen who take regard 
to cleanliness are nev^er visited by such complaints, which have, 
never been observed in the case of men occupied-in.the depart¬ 
ment of crude tar, bui now and then on men employed in the 
anthracene and pitch department, feroex {Monatshefte fiir 
frakt. Dermatologic, 1909, p. 267), on the otjier hand, reports on 
the curative effects of tar in external use in certain skin diseases 

I It is ^trapge that authors like Bolley, Wutit, Girard and Oelaire,. 
Vincent, and others have stated the specific gravity of coal-tai. to be equal 
to or below that bf water. Evidently, there > has been confusion with tar 
from bf-owdc^al or boghead, etc.; and a wrong quotation of this kind has 
passed from one book, to another without criticism. - 

om *• 
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(eczemas). According to the Report of the Baden Factory 
lnsf>ect(jrs for 190$ and 1907 {Chem. Ind., 1907, pp. 24 and 364), 
chlorinated tar-compounds are assumed to cause these 
phenomena. 

According to H. Robinson’s B. P. 20767, of 1913, the 
properties .which render coal-tar or the products obtained 
therefrom likely to produce “ pitch cancer ” are reduced or 
removed by trq^ting the tar before distillation, or at some 
stage during the distillation, during which the distillation is 
suspended, with ozonized air, with, or without steam. 

Coal-tar is an extremely complex mixture of chemical . 
compounds, some of which have not, yet been even isolated. 
Thus comparatively little is known of the indifferent oils 
occurring in its distillation, between the phenols and naph¬ 
thalene on the one hand, and anthracene oil on the other; neither 
do we know all the compounds existing in crude anthracene, 
and still less those constituting the pitch, but considerable 
progress has been made in this direction during recent 
times. Whether some of the constituents of coal-tar are 
already present in the coal, and are therefcwe simply evolved 
by the ordinary process of disti^ation, must be left an open 
question. It can hardly be doubted that coal contains aromatic 
compounds; prebably it is entirely made up Of .such, and 
contains no really free carbon at all. But it is another question 
whether any of these compounds are volatile, without change, 
at the temperature existing ir»the gas-retorts. ' 

Tar contain? nitrogenous compounds, chiefly of a, basic, 
nature, cjwing to the nitrogen always found v the cojl, and 
sulphur compounds, derived f»om the pyrites, etc., are never 
absent in coal. 

E. Mills, (/. Soc. Chem. Ind., 1885, J. 326) gives the 
following ultimate analyses of London a*id *of average Scotch 


cannel gas-tar:— 

L<>adon. 

Scotch oaniiel. 

Carbon v . 
Hydrogen* . 

. • 77-53 

85-33 

• 6-33 

7-33 

Nitrogen , 

1-03 

0-85 

Sulphur • 

o-6i 

043 

Oxygen * 

14.50 
—•— 

6-06 


lOOOO 

00-00 




« m 

Kraeraer <(/. Gasbeleuch(.„ 

1891, p. 

225) makes th'e following 
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Itatements about the composition of German gas-tars obtained 
at that time:— . , 


Benzol and its homologues, C„H 

. 2-50 per cent. 

Phenols and homologues, _ f. OH , 

. 2'00 

w 

Pyridine and Quinoline bases, C„H.2„ _ f. N 

. 0-25 


Naphthalene (Acenaphthene) 

. 6‘00 


Heavy oils, C„H, . 

. 200c/ 


Anthracene, Phenanthrene, C„H2„_g 

. 2‘00 

It t 

Asphalt (soluble constituents of pitch), C.2„H„ 

., 38.00 

?» 

Coal (insoluble constituents of pitch), 

, 24*00 

n 

Water ..... 

. 4*00 

„ 

Gases and loss in distillation ' 

. 1*25 

„ 


Enumeration of th^ Compounds contained in Coal-tar. 

Since tar always contains a considerable quantity of 
ammoniacal liquor mechanically mixed with it, we must expect 
to find all the constituents of the latter in the tar; also all those 
Df the gas probably occur in the tar, being absorbed by it. 

The following is an enumeration of the compounds Aitherto 
found in coal-tar or reasonably presumed to exist in it; they 
will subsequently be described in detail;— 
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FormoU. 

) 

Melting* 

^ point. 

Boiling. 

A. HYDROCASHONS (conihmnl) 


> 

•c. 


II. Ethyinr Smes, C„H5„. ^ 

* 


Ethylene ^. 

CgHj 


- 110 

Propylene ..... 
Pntylene (normal) 

^1^8 

C4H8 


-5 

Pseudobutylene .... 



+ I 

Isobutylene .*.... 

C4H}, 

liquid 

- 8 

Amylene (normal) 

CoHjf, 

39-40 

Isoamylene ..... 

^ 6^10 

„ 

35-36 

Hexylene. 

1-2 

„ 

68-70 

Isohexylene ..... 



72-74 

Heptylene. 

HI. Hexahydro^Addition-products of 
the Benzene Series^ 

^ {Naphthenes^ Paraffenes\ 
Hexahydrobeneene 

C,H„ 


96-99 

Cr.H,, 

liquid 

69 

Hexahydrotoluene 



97 

Hexaliydroisoxylene 


” 

118 

IV. Acetylene Series^ ^n^^2n-2- 




Acetylene. 

C=H„ 



Allylene. 

C,H. 



1-3 Butadiene .... 

C,H„ 



Crotonylene. 

C.H, 

liquid 

18 

Valylene (Piperylene) . 

CfiHg 

ji 

41-42 

Hexoylene ...... 


,, 

80 

Higher members .... 


t) 

210 



H 

240 

»> 

CA 

M 

280 


0 • 

* 


V. Tetrahydro-Additfon-products of 




the Benzene Series^ ^n^?Tir? 




{Naphthylenes). 


• 

» » 

• 

Tetrahydrobenzene 

-C.H„ 

liquid 

8a 

Tetrahydrotoluene . . * . 


)) 

103-105 

TetnAydroxylene.... 


It 

• • 

139*132 

VI- 


•• 

% 

• 

Cyclopentadiene . . . 

C,H, 

, liquid 

42.5 

Nonone. 


tt 

174 . 

\ 

• • 



VII. Aromatic Bihydro^Addition-pro- 




duStSfC^}iii^_t(TePpenes). 



• 

Dihydrobenzene . •*. 

* 

liquid 

. 81.5 • 

Dihydrotokiene .... 


ti 

• 105-108 

Dihydroxylen. . . 4 . 

c'Ij* 

t» • 

132-134 

Dihydrocymene . . '. 

It 


• « 



• ^ 
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• 

Fbrmuli. 

Melting. 

, point. 

Boiling. 

point. 

A. Hydrocarbons {continued) 

VIIF. Benzene Series, 


. ‘C. 

"C. 

Benzene. 

Csh; 

5-5 

80.5 

Toluene. 

C,H, 

liquid ' 

III 

Xylene. 




Orthoxylene .... 


I 4 i 

Metaxylene .... 


» 

139 

Paraxylene .... 

... 

15 

138-5 

Pseudocumene .... 


liquid 

169*8 

Mesitylenc. 

CjjHja 

164-5 

Hemellithol. 

C.H„ 


175 

Ethylbenzene .... 

ChH,„ 

„ 

137 

Propvlbrnzene (Cumene) * . 




Ethyltoluenes .... 

C.H,. 

,, 

168 

Cymene ...... 


„ 

r 8 o 

Durene...... 

^ 10^11 

8 o- 8 t 

196 

Other tetramethylbenzenes . , 


IX. Naphthenes. 




X. CJ^ 2 .-s 

C,Hg 

liquid 

'45 

Hydride of styrolene (?) 


„ 


XI. hdrnt, . . . 

C,H, 


182 

Hydrindenc. 



176 

Methylindene . 



195-200 

Dimethylindene . ', 


.. 

XIa. Dicyclopeniadiene 

CiflHjg 

. 40-5 

170 

XII. Naphthalene, . 

C,„H, 

79-8 

2 I 8 

Naphthalene dihydride. . » . 


liquid 

200.210 

tetrahydride . 



190 

a».MethyInaphthalene . 

c“h;“ 


240-243 

jS Methylnaplythalene . , , 

CnH„ 

• 3*-5 

, 241-242 

iJimeihylniphthalene t 


liquid 

262-264 

Phenylnaphthalenes (?) 


Xnr, Acena/hthene^C^}^ 2 n~J 4 • 

C,gHjo 

95 

' 378 

Acenaphthene hydride 


• 1 • “ •! 

260 

.Diphenyl . . >. 


70-5 . 

.254 

XIV. 

CijHjb 

ii6 

295 

XV. Anthracene, 

^ 14^^10 

• 

2i6*5 

360 

Anthracene dihydride 

C„H„ 

, io6 

* 305 

* hexanydride < . 

C«H,e 

’• 63 

S90 

„ perhydride . 


88 1 

250 

, Methyknthiacene .' . t 

C„H,p 

308-210 

above 360 

^.JsopiethylaDthracene., . ^ 

0ime\hylanthraccne (?) . } 

. .. 1_? 

C„H2 

202-204 

C.A. 

334-235 
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FotiDula. 


A. HvDROCARBONS (conlmuetf) 
XV. Anlhractni (continueS) 
Phenanihiene 
Pseudophenanthrcne 
Synanthrerfe 
Fluoranthene 
Pyrene. 

Chrysene . ^ 

Chrysene hydride 
Chrysene perhydride. 
Chrysogene . 

Retene.... 

Retene dodecahydiide 
Succisterene (?) . 

Picene .... 

Picene eikosihydride. 

Picene perhydride 
Benierythrene 
Crackene 
Bituraene 
Truxene 


B. OxvGENizKD Compounds. 
Water 

Methylic alcohol (?) . 

Ethylic alcohol (?) . 

Acetone 

Hthylmethyl ketone (r) 


A cids and Phenols. * 

Acetic acid . 

Benzoic add. 

Phenol (carbolic acid) 

Orthocresol . 

Paracresol . * 

Metacresol . 

Xylenolg: Ortho i, 2^4 
► Meta I, 2, 3* 

• Meta 1,3,4 

Para 1,3,4 
a Naphthol , , 

Naphthol. 

' Phenols of tBe Anthracene series (?) 
a Pyrocresof . ^ 

Pyrocresol 
7 Pyrocresol 
Rosolic acid (?) . \ 

Brunoiic add (?) . 

Cuma^ne . . ^ 

/'methyl'Cumarone •. 
^metn^-cuaaro^ . 
o-methy«umarone , 
o.^imethyl-cumarone 
m./-dioiethyl>cumarone 
0*rsMlimethj^l*cttinaroift 


^ 16^10 

CihHjjJ 

CjgHgg 

CihHm 








UjO 

CHjO 

C,H.O 

C^LO 

CjHsO 


C,H, 0 , 

CeHflO 

C,H ,0 


CsHijO 

It 

. 

CjjHjiO 

n 

CrtH„0 
u . 

C,H.O 

C.HsO 

CioHjo 


Ueltiug. 

• pomt. 

Boiling. 

^iut. 

,•0. 

“C. 

96 

340 

i >5 

above 360 

189-195 


109 

aboie 360 

148 

above 360 

250 

436 

liquid 

360 

115“ 

353 

280-290 


98-99° 

350 

liquid 

336 

i6o-i6j 

, above 300 

364 

518-520 

liquid 

360 

175 

360 

307-308 


30S 

over 500 

385 


0 

ICO 

liquid 

63 


78-5 

„ 

58 


77 - 5 - 8 I 



I6 

119 

UI 

249 

42 

184 

30' 

191 

36-5 

202 

3-4 

204 

. 

22; 

73 • 

2 ID 

26 

211*5 

74-5 

21 I- 2 I 3 

94.06 

280 

‘V 

294 

• 


196 

35 °.. 

• 124 


105 

• 

liquid 

169 


< 97-199 


.195-196* 

M 

•190-191 


221-222 

„ 

•»»» 

tf 

> 2l6 
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1 


Meltlog* 

Bolling- 



! ♦ point. 

f 

point. 

B, Oxygenized Coii’’ouni)S (con.) 


1 

1 ‘C. 

°0. 

Acids and Phenols (continued) 




Trimethyl-cumarone . 


180° 

236 

/!>-ethyl-cumarone 


! liquid 

218 

a Napiithofuran .... 



381-284 

(i Naphthofuran .... 


50-51" 

284-286 

Ciphenylene oxide 

CizHjO 

86 

27^ 

Dioxydipbenyl .... 


fo 9 

325 

Xanthene 




C. Sulphuretted Compounds. 


i 


Hydrogen sulphide .... 

H.,S 

1 


Ammonium lulphide .... 




„ sulphocyanide 

(NHONCS 



Sulphur dioxide. 

SOa 



Carbon bisulphide .... 

cs. 

liquid 

47 

!, oxyaulphlde .... 

COS 



Mercaptanes ..... 




AlliolO). 




Thiophene. 

C.HjS 

liquid 

. 84 

a Thiotolene. 



113 

jS Thiotolene. 



113 

a-a Thioxene. 

cAs 


135-136 

a -|3 Thioxene . j . . . 



136-137 

Thioxene. 



137-138 

fi’(i Thioxene . . . . 



136-137 

Trimethylthiopheue . 

C,H,„S 


163 

Tetraraethylthiophene 

C,H„S 


182-184 

Biophen . ' . . . . 

C.H.S,, 

% 

165-170 

a^-a Dithienyl ..... 

CjHjSj 

33 


Dith:enyl. 


' I 32'4 


Trithienyl. 


147 

357 

Thionaphthene . • . . . , . 

.CsH^S 

30-31 

220-221 

Thiopbtbene. 

CeH,Sj 

liquid 

224-226 

Diphgnylene sulphide 

CigHijii 

'? 

> 

1 , t 

D. Chlorinatbi) Comtounds. 

, 1 


< 

Ammonium chloride .... 

NH4C1 



i 0 

£. NlTKOGENIZEtl.COMPOUNDS. 




I, Sasic. ^ 


. 


Ammonia . . e . . 

NH, ' 



< (Ammonium compounds men- 




tioned under C, D, & E 11 .) . 




Methylamine, etbylamine, etc. 

... 

liquid 


Cespitine (?) ■ > 

C,H,jN 


< 95 

, Aniun#*. 

C.H,N 

\ -8 

182 

Toluidinoi (?) . . ’ ' . 

g,h,n 


19^-199 

Pyridiifc . . , . f. 

C,H,N 

liquid ‘ 


a' PicoluM^ .» , ‘ . 

. C,H,N, 


133*5 

(>r /S.Picoline .... 




7 Acoline .... 

% 

ti 

1 ” f 

142-144 , 















METHANE SERIES 


207 


• 

Formula. 

$ 

Melting- 
• itoinb. 

yuiHiig- 

point. 

E. NITKOGENIZED COMl’OUNDS 


• ' C. 

“ U. 

I. Basic (continued) 




att Lutidine . • * ' 

• C,H,N 

liquid 

142 

Lutidine . , . 


162-163 

ay Lutftline .... 



157 

Lutidine .... 

„ 


(?) 

* Lutidine .... 



163-5-164-5 

Lutidine •. . . . 

It 


169-170 

7 Ethylpyridine . 

tt 


164-166 

a7a^ Collidine .... 

C,H„N 

,, 

17I-J72 

Collidine .... 



165-168 

Parvoline (?).... 



188 

a^y^^ Tetramethylpyridine . 

1? 

j, 

232-234 

Coridine (?). 



t 211 

Rubidine (?) .... 

C„H„N 


230 

Viridine (?). 

C,3H»N 


351 

Lcucolinc (Quinoline) . 

CnH.N 

, 

239 

Isoquinoline. 

C,H,N 

28 

236 

Chinaldine (a Methylquinolmc) . 

C„H.N 

liquid 

238-239 

Iridoline (7 Methyllepidine). 

C,„H„N 

252-257 

Cryptidinc (DimethylquinoUne) . 


„ 

274 

Tetradbline (?)..., 
Octacoline (?) .... 




Acridine. 

C„H.N 

107 

04 

above 360 

2-VIeihyIacridiiie .... 

CuHuN 


4-MeihyIarridine .... 

c,;h.,n 

fs 


2-4-r)imethylacridino . 

71 


Hydroacridine .... 


107 


II. Moi Basils 




Indol 

C.H,N 

52 

253-254 

Pyrrol.‘ . 

Ammonium cyanide 

C.H.N 

CN.NIIi 

liquid 

*33 

Methyiic cyanide (acetonitrile) 
Benzonilrile. 

CH,.CN 


79 

• C„H,)CN 


191 

Methyiic isocyanida 

C,H,N 


59-6 

Carbuol. 


338 

355 

Phenyl-^ naphthyl-c»ba2ol. 

C*,H„N 

22s • 

abov^440 

Phenyl- /9 naphtbyl-carb%zol 

■ *F. Free Carbon. . . 

• 

• « 

c. 

* 230 



Hydrocarbons of'tiie Methane Series, 

% .* 

These hydrocarbons are 'sometimes called hydrides of 
monad mdicals—aisp paraffins, because a mixtur» of the 
higher’solid^embefs of the series, as obtained in the distilla¬ 
tion of shale, etc., had /)btained ‘that name from its great 
resistance to chemical.reactjpns {parum affinis). Thi| miSJure, 
however, contains also non-satorated hydrocarbons (olefins). 
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The compounds of this series are principally formed in 
the destructive distillation of wood, peat, shale, browncoal 
boghead, cannel-coal, etc., and also from coal when distilled at 
a comparatively Idw temperature. Most descriptions of natural 
petroleum consist of a mixture of a)l the members of this 
series. In coal-tar they play a subordinate part,; but if, in 
gas-making, coal has been partly replaced by browncoal, shale 
cannel-coal, etc., the tar is much richer in ^aliphatic hydro¬ 
carbons, and may easily contain so much of them that the 
extraction of the aromatic hydrocarbons does not pay—especi¬ 
ally as the aliphatic hydrocarbons are most objectionable 
impurities^ in commercial benzol, which, if they occur to an) 
great extent, may render it unfit for the manufacture o 
nitrobenzol. 

The compounds of this class are distinguished from the 
non-saturated hydrocarbons (the ethylene and acetylene series 
by not being absorbed by sulphuric acid or bromine; thii 
behaviour can be utilized for separating the two classes. Fron 
benzene and its homologues they are distinguished througl 
being hardly at til acted upon by nitric acid in the cold, anc 
not forming nitro-compounds. 

The lowest members, up to butane, are at the ordinar) 
temperature gaseous, but may occur in tar in a state of solution 
all the more readily as they are easily soluble in ether anc 
alcohol, and thus probably also in benzene, etc. The member: 
from pentane 'upwards are liquid; up to decane they have 
been, observed in tar. The highest members, beginning frotr 
are solid, and form paraffin proper; whether thii 
occurs in tar obtained exclusively from ordinary coal ii 
doubtful. 

C 

Methane, CH*- 

( 

• Synonyms—vatthyWe hydride, marsh-gas, fire-damp, ligh 
carburetted hydrogen. A to'ldUrless gad, devoid of smell o 
taste; sp. gr, <7-5566 (air = i). At 0° £, too vols. of wate 
abiorb St 4 S / akabol, nearJy haJf its" volu/n^ It 'burns 
with a pale yellow flame.' Passed through red-hot tubes ft 
yielcb acetylene, benzene, naphthalene. Mixed with 4ir it 
gives a viry expbsive mixture., * ^ 
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Ethane, C^Hj. 

Syn. dimethyl,"ethylic hydride. A* gas without colour or 
smell; sp. gr. 1-075; condenses at 4° to.a liquid under a 
pressure of 46 atmospheres. Water dissolves at 0° 9-45 per 
cent, by volume; alcoHoh rj times its volume. Burns with a 
• bluish, non-luminous flame. 

Propane, CjHg. 

Syn, propylic hydride. A gas, condensing to a liquid 
below — 20 C.; alcohol dissolves six times its volume. 

Butane, QHjj. 

Syn. diethyl, butylic hydride. Two isomers are possible 
. and known; only normal butane, however, CHj—CH^—CH — 
CHj, has been found in mineral oils. A gas of sp. gr. 2-01 
(air=i).* Authorities differ widely as to its liquefying-point. 
Frankland puts it at -23°; Butlerow at +i°, and, under pressure 
of 2\ atmospheres, at +18°. In water it is next to insoluble. 
Alcohol at 14° C. and 745 mm. pressure dissolves 18-13 vols. 
It burns with a strongly luminous’flame. 

Petane, CjHu. 

Syn. amylic hydride. Of the three isomers the normal 
and isopentane, CHj—CH^—€H (CHj)^, have* been found in 
cannel- and bogh*ead-tar. Schorlemmer found in coal-tar only 
normal p»ntane. • 

^Normal pentane bf)ils at from 37° to 39° C.; sp. gr. at i8° = 
0-6263 ^vvater=i). Isopentane boils at 30°; sp. gr. at i8° = 
0-628. Both _are colourless, very mobilfi Ij^uids, somewhat 
similar.to clJloroform, miscible with ether ten 3 alcohol in every 
proportion, solvents !br*fats; they burn with a brilliant white 
flame. 

Hexane, 

Sjpn. caprqy}jc •S/drJde. FJye isomers; the ncfma) One 
occurs in petroleum, boghead- •and .canne/jlar; is the 
principal constituent of* the most volatile petroleumiiether 
(gasoline). Bpils at to 7! ° j sp. gr. at 17°=0-663. tolou rless. 
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'mobile liquid, of faintly ethereal smell, insoluble in water, 
miscibl^ with ethen, akohol, acetone, etc. (this solubility holds 
good for all the higher members as well). Burns with a bright, 
luminous flame. ' 

Warren found another hexame in^ petroleum, boiling at 
which Schorlemmer could not discover in that substance. 

Heptane, C^Hig. ', 

Syn. cenanthylic hydride. Nine isomers possible. The 
different tars, contain the normal one, boiling at 98°; sp. gr. at 
o° = 07006, at 15° = 0.6886; also ethylisoamyl, boiling at po'-j ; 
sp. gr. at o° = o. 6969. Mobile liquids, of faint, pleasant smell; 
burn with a somewhat smoky flame. 

Octane, CgHjj. 

Syn. caprylic hydride, dibutyl, valyl. Of the eighteen 
possible isomers, one boiling at 119° or 120" (sp. gr. at 17° = 
0719), and another, probably the normal one, boiling at 124° 
(sp. gr. at o“ = 07^fi8), have been found in petroleum, boghead- 
and coal-tar. Ahrens* found an octane in the oils distilling 
after the nitration of toluene, boiling at 121° to 122", sp. gr. 
0-7245 at 2«3° C. They are limpid liquids y^ith an ethereal 
smell and somewhat burning taste. The ordinary petroleum- 
spirit ligroine of commerce contains principally heptane and 
octane. ' „ t 

Nonane, CgHgt,. 

Tkatfound'in petroleum boils, accordirfg to Wurtz, at 130° 
to 132° (sp. gr. at 6°=0-7242, srfiell like oranges); according, to 
Beilstein, at i50°-8. Which is right? Refined pqtroleum 
(kerosene) contajns' from. CgHjo up to CmH,T4,, along with 
hydrocarbons of the*^formula C„Hjg. , 

•#> ‘ 

Decape, 

Syn. diamyl: Found in all tars, probably ther isomer 
diikoarayl. Boils at 158° to 159°; at -3(li°>it gets viscid; sp. 
gr. at 18'=0-736. Bqilstein states that the boilfng-point is 
i6i°,f,the sp. gr. at i6°=757. 0 .‘Jacobsen^ has found a 

' Ber., 1907, p. 848. “ ^nn. Chtm., clxxxisr., p. 179. 



ETHYLENE SEfilES 


211 


decane, boiling at 170° to 171°, in the fractions of light coal-tar 
oil which pass ovet between 163° and i^8°,talong with* pseudo¬ 
cumene and mesitylene. Schultz and Hartogi have proved 
with certainty the p/esence of normal decanS in coal-tar. 

[fndecane, CijHjj. 

Found in American petroleum. Boils at 180“ to 182°; sp. 
gr. at 16“ = O'763* 

Duodecane, 

Syn. dicaproyl, dihexyl, laurylic hydride. Found in bog¬ 
head-tar and petroleum. An oily, qolourless liquid, with a 
pleasant, turpentine-like smell, boiling at 200° to 202°; sp. gr. 
at i8 ° = 0'7S68; burns with a luminous flame without much 
smoke. 

Higher memhers. 

• C13H2J, boiling-point 218-220°, spec. grav. 0'778 
„ 236-240“, „ 0-796 

CjiHsa, „ 258-262°, „ o-8o(; 

„ about 280°. 

Solid Paraffin 

contains bodies flf the formula up to Cj-jHjjjralso usually 

about 1 per cent, of oxygen. The paraffin found in the highest- 
boiling portions of real coal-tar is, according to Perkin, unlike 
ordinary paraffin^ it fuses at 9 . higHer temperature, and is but 
slightly soluble in petroleum or naphtha. The proper paraffins 
occur principally irf tar from Scotch aijd Laneashire cftnnel- 
C03I, 

Hydrocakb^d^js of the Ethylene Seriks (Olefins). 

The lowest membeis of this series are gaseous at*the 
ordinary temperature, but occur constantly in illuminating gas, 
and probably dissoVed in ter. .The higher members are 
liquid; tjie highest ^olid. It is characteristic* of all, to unite 
directly with chloriafe, bromine, or iodine, forming oily liquids; 
with bromide especially the reaction is yery violent.* This is 
ascribed to the circumstance that they are noi^-sjitufated 
Btrl. htr„ 190Q, p. 3609. 
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compounds (“dyad radicals”), in which carbon occurs doubly 
tied, so that, when ane pf these ties is broken, two monovalent 
atoms can attach themselves directly; eg., 

= C -F Bfj = BrH.;C - CH^Br. 

Btbyleue +BroiDUM=2tliyleQe dibrumido. 

They also unite readily with the halogen hyrjrides HCl, 
HBr, and especially HI; also with hypochlorous acid, forming 
chlorhydrines, e.g., CH2(OH)—CH^Cl. Concerjtrated sulphuric 
acids absorbs them, the lower members only at higher tempera¬ 
tures, also by direct attachment and formation of sulphonic 
acids; e.g., 

HjP = CHj HO.- SO2 - OH = HO - SO2 - OCjHj. 

Sulphoviiilc Bcid. 

From this it follows that these compounds can be removed 
from the tar-oils by bromine or by concentrated sulphuric acid. 
In ordinary coal-tar they play but an insignificant part; but 
they occur copiously in caniiel- and boghead-tar. They may 
possibly have been confounded with the addition-products of 
benzene, observed only recently (naphthenes, etc.). 

•> 

Ethylene, C^H^. 

Syn. elayl. Liquefies at 0° only under a pressure of 42^ 
atmospheres, at — 110° under the ordinary pressure. Sp. gr. 
0-9784. "Water at 9° dissolves 0-25 vol.; at 15°, o-i6 vol. 
Much more dissolves in - alcohol, ether, oil of turpentine, 
petroleum (about 2\ vols.»), hence probably also in tar-oils, 

I Concentrated sulphuric acid absorbs it on prolonged agitation, 
bettes at 160°, to I7J° C.; fuming oil of'vitriol maich more 
quickly, with formation of athionic a'cid. Armstrong and 
Miller' have found it in the “hydrocarbon” condensed from 
Pintsch gas, as'wefl as propylene, normal amylene,'normal 
hexylene, and normad heptylene. 

Propylgie, CjHa. ^ 

Syn. tritylene. Not ydt liquid at -140', possessing a 
garlic-like smell. One hundred vols. of*water dissolve at d° 
44*vols., it 15° 23 vols. f absolute alcohol i2’to 15 vols., glacial > 
acetic acid J voJs. Itschenfical behaviour is similar to that of, 
ethylene!, 

’ /. Chem, P- 74* 



ETHYLEiJE SERIES 


213 


Butylene, QHg. 

Syn. tetrylene, ditetryl. Three isomers are possible and 
known. First contjensed by Faraday from the illuminating-gas 
obtained from fatty oils, by. strong pressure. Normal buty¬ 
lene, CHj—CHj-Cff=CHj, boils at —5°; pseudobutylene, 
GHj—CH = CH—CHj, at -i-i°; isobutylene, (CH3)2C = CH2, 
at —7° or —8°.^ 

Normal butylene has been obtained from the light oils of 
the compressed gas from boghead-coal by Brochet {Camples 
rend.,cyi\s., p. f)Oi). In the first runnings of coal-tar it has ^ 
been found by Ahrens {Z. angew. Chem., 1904, p. 1518). 

Amylene, 

Syn. pentylene, valerene. Of the five possible isomers, only 
that is well known which is obtained from amylic alcohol by 
water-abstracting reagents, especially zinc chloride. Whether 
• this is identical with the amylene found in coal-tar,^ and much 
more abundantly .in boghead-tar, petroleum, etc., or not, is not 
quite certain; but it is usually assumed to*be the same. At 
all events several amylenes occur*in tar, probably also polymers 
{cf. Brochet, Compies rend., cxiv., p. 601). 

Ordinary aftiylene is a limpid, mobile liquid, of cooling, 
astringent, and somewhat pungent taste, and smelling some¬ 
what like rotten cabbages. Its boiling-point is variously 
stated at from to 42° (tlfat oBtained from amylic alcohol 
boils at 39°). Sp. gr. at 10°=0-6549. It is but sparingly* 
soluble ih water, iJut indefinitely miscible with alcohols Like ■ 
its congeners it unites djrectl/with Cl, Br, HCl, HBr, HI, also 
with yOj and HOCl. Oxidising substances (potassium per¬ 
manganate^ chromic acid, etc.) convert il ijjo aliphatic acids, 
carbon dioxide, ketones, etc. WiVh sulphuric 'acid, Berfhelot 
states,* it yields an acid isomer to sulphamylic acid, which 
Erlenmeyer*.could^ not find. ‘However this may be, all'the 
isomers dissolve in sulphuric acid at ordinary temperatures, 

some oT them evep* when this is not fully concentrated. ^ 

• • • 

1 Helbinl, Annalen, clxxii., p. 281, Ahrens, Z. •angesv. £hem., 1904, 
p. 1518. Watson Smith (priv. comm.) has alsd found Smylene in the firs* 
runnings of London tar^ogethpr with carbon bisulphide. ^ ^ 

* Comptes fend., lv>., p. 1242. , ® Z.fur Ctemie,- 1865, p. 362. 
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Amylene was used for some time as an anEesthetic, in lieu 
of chloroform. ^ . 

, Hexylene, QHij. 

Syn. caproylene. Of the many isomers, tar seems to con¬ 
tain essentially the normal, the only o'ne pretty well known ; 
but other isomers are probably present as well {cf. Brochet, 
loc. cit.). Normal hexylene is a colourless, mobile liijuid, 
smelling like amylene, boiling at 68“ to 70°; sp. gr. at 0°=0-6996; 
insoluble in water, readily soluble in ether and alcohol; 
chemically quite analogous to amylene. Sulphuric acid, diluted 
with I vol. water, dissolves in the cold its volume of hexylene, 
from whiclf mixture secondary hexylic alcohol soon separates. 
Concentrated sulphuric acid colours it reddish brown, gives off 
SO2, and turns it into a thick oil. 


Heptylene, Cylijj. 

Syn. oenanthylene. Like the above, found in boghead-tar. 
A limpid, mobile liquid with a garlic-like smell. Boils af 
94° (Pelouze and' Cahours), 96° (Schorlemmer), 99° (C. G. 
Williams). Sp. gr. at i8°=0)7i8 (C. G. Williams), at i7°-5 = 
0-7388 (Schorlemmer). Its chemical behaviour is like that of 
the two last-mentioned compounds. 

Aromatic Addition-products, (Naphthenes). 

According to Beilstein and Kurbatow,* tfce hydrocarbons 
of Caucasian petroleum having the formula C„Hjj„^ are not 
identical with the compounds^of the preceding series; such 
occur also in American petroleum along with heptane, etc 
They were fouriih identical with the hydrogen additibn-pro- 
ducts of aromatid''hy^rocarbons discovered by WreUen,* viz.:— 

Sp gr.'jt O’. Boili >t 

Hexahydrobenzene . CoHu 0-76 69° C. 

Hexahydrotoluene . Cylln, o-yft 97° „ 

Hexahydroisoxylene . djHpi 0-777 n8°„ 

< ' I • 

Schutzpnberger andi lonine,* who cofifirmed the above, 

proposed “the qame paraffenh for these compoulids, which 

< 

‘ A/., iSjio, pp, j8i8, 3028. * Lieit^s Annaltn, chxxvu,,‘p, i(A.' 

’ Comptei rend., xcl, p. 82S. v 
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are inactive towards bromine, sulphuric acid, and nitric acid? 
Armstro,ng and M,illeri found these ^atujated hydrcfcarbons 
of the formula which they'call “pseudolefines,” in the 

“ hydrocarbon ” condensing from Pintsch gas? 

Markownikoff {Ann. Ckem.JPhami., ccxxxiv., p. 89), without 
denying the^ existence rff hexahydrobenzene, etc,, declared that 
"most of what had been taken for these compounds belongs to a 
new* class of compounds, which he calls “ naphthenes.” Later 
on {Berl. Ber., xx., p. 1850) he practically confirmed the views 
of Beilstein and Kurbatoff. Kraemer and Bottcher {Berl. Ber., 
1887, p. 595) confirmed and amplified the previously made 
observations on the occurrence of addition-products of the 
benzene series which they take to be idenlical with 
Markownikoff’s “ naphthenes.” They retain that designation 
for these compounds which are distinguished from the olefines 
isomeric with them,particularly by not combining with bromine 
and not being soluble in concentrated sulphuric acid. In the 
coal-tar ‘oils they occur together with real paraffins. Engler 
and his co-operators {Dingl polyt. /., cclxxi., p 515; Inaug. 
Diss. of Dengler [1888] and Schneider [1893]) have found, 
naphthenes in nearly all descriptions of petroleum, also in the 
products artificially obtained by* distilling aliphatic matters 
under high presjure. Renard {Ann. Chim. Phys. [6], i., p. 223) 
found them in essence of rosin, Heusler {Berl Ber., 1895, 
p. 488) in oils from lignite-tar. 

Ahrens and Modzdenski {^. angew. Ckem.-, 1908, p. 1411) 
found the nononaphthene, CjHjg, of sp. gr. 0-7862, boiling at 
137° to 139°, in the w,aste oil from the preparation^of nitroxj'lene, 
which proves the prestnce of naphthenes In coal-tar. 

Maquenne(Cbw/to?v«(f.,cxiv.,pp.9i8 and 1066 ; Ann. Chim. 
Phys. [fl], xxviii., P..270; Berl Ber., 189^, pk 488) made an 
interesting obSfer^ation, concerning the forijiatttn of naphthenes. 
He found that the terpe^ie occurring in essence of rosin, 
which must undoubtedly be cojisidered as tetrahydrotolueiie, 
under the influence »f concentrated sulphuric acid is converted 
into hen^hydrotolueqe. He consequently coiwiders it doubt¬ 
ful whether the ee^ence of rosin cojitains any njphthenes 
preformed ;* much of these, perhaps the whole, has been 
evidantly formed in the ^Iphuric acid treatment from.heatane, 
Chetn. Soe., xlix., p. 90. 
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U phenomenon which, he thinks, may also take place with 
coal-tar' and lignite ojis. But for lignite .oils, Heusler i^ide 
supra) has proved since then the original presence 'of 
naphthenes. ' 

The views of Beilstein and .Kurbatoff on the constitution 
of the naphthenes were later on completely co;ifirmed by 
Markownikoff and SpA-iy {Berl. Ber., xx., p. 1850), who found 
that carefully purified octonaphthene, on being treated with 
sulphur, gives off hydrogen sulphide, and that the product of 
the reaction, on being nitrated, yields large quantities of 
trinitro-w-xylene. This proves that the octonaphthene had 
been converted by the treatment with sulphur into metaxylene, 
which is only possible on the assumption that it must be 
considered as hexahydroxylene. 

Synthetically, apart from the hexaraethylene boiling at 
79° to 79-5°, prepared by Baeyer {Ann. Client. Pharm., cclxxviii., 
p. Ill), whose behaviour was too little known to allow of 
making a certain inference on the constitution of naphthenes, 
no other member of that series had been obtained, and there¬ 
fore no certain proof for the hydro-aromatic nature of these 
hydrocarbons had been adduced. But Zelinski {Berl. Ber., 
1895, p. 780) and ReformatzlJi {ibid., 1896, p. 214) have filled up 
this gap by..the synthetic production of an octonaphthene and 
a nononaphthene. 

The originally aromatic nature of the -naphthenes is also 
proved by the' following .observations. Spindler {Berl. Ber,, 
1891, Ref. p. 563) obtained from heptanaphthene, produced" 
from Caucasian crude naphtha, by treatment with bromine in 
presence of alurainiunf chloride,quite smoothly pentabrominated 
toluene, according to which result' naphthene must be a 
hexahydrotolueiK. 'Konowaloflf {ibid., 1890, p. 431) found that 
a nononaphthen^, coming from the same soiiSe, df-ssolved 
confpletely in fuming oil of vitriol, with formation of pseudo- 
cumene-sulpbonic acid. , ^ 

Further researches in that domain have been made by 
Konowaloff and Markonikoff (/. prakt., Chem., xlv., p. 561; 
xlvi., p. ?6; Berl Ber.<, xviii.. Ref 23, i'86, 431), Zaloziecki 
{Dingl fblyi, /., ccxc„ p. H5); Maquenne {loc. h't.); Bruhn. 
{Chet^ Zjeit., 1898, p. 908), Wischin {t)ie Naphthene des Brdbls 
und ihre ^Stellung zu anderen hydrierteh .^Kohlemvasserstoffen,. 
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Braunschweig, 1901). We may take it as proved that the 
terpenes, naphthyJenes, and naphthenes are all hydrides of 
aromatic hydrocarbons, the empirical composition of which can 
be expressed by the following formulae;— 



. . Benzenes 


. . Tfirpenes 


. . Naphthylenes 

+ Hg . 

. . Naphthenes 


The naphthenes, therefore, represent the highest degree of 
hydration of the aromatic hydrocarbons. 

The naphthenes are colourless liquids, smelling slightly like 
petroleum, hardly changing on standing in contact with air, 
completely oxidised by the ordinary oxidising agents. They 
are substituted by bromine only at higher temperatures, similar 
to the paraffins, from which they differ by the higher specific 
gravity of the compounds containing the same number of 
carbon atoms. 

Engler and Schneider have based upon this a method for 
distinguishing naphthenes and paraffins by their respective 
refractive indices (Schneider’s Inaug. Diss., Karlsruhe, 1888). 
If we compare the specific gravities of the paraffins, olefines, 
aromatic hydrosarbons, and naphthenes containing the same 
number of carbon atoms, we find that the paraffins have the 
lowest, and the aromatic hydrocarbons the highest specifir 
gravities, while the naphthene andjolefins range between them 
The same ratio "holds good as to the refractive indices. ^If w( 


call the refractive iadex E, and the specific gravity at the sam< 

• * E — I . • 

temperature S, the specific refractive index is . This ii 


again highest for the benzenes, followod by the indices foi 
olefin^ paralRny, and hexahydrides, as sl^owti by the followinf 
table:— 



Sp^flc * 
gravity. 

Rofiactive 
Index. • 

Specific 

Refraction. 

* 

* 

Hexafte 

0-6638 (173 

• 

1-3717 

0 - 5^5 

Hexylene . . ^ 

0-6997 (03 

1-3989 

0-5702 

Benzene 

0-8799 (ao”) 

1-5043 

0-5711 

Hexahydrobenzen^ 

•-7600 (0°) 

1-4126 

o.j 4 Jy 
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If, therefore, we remove from a mixture of all these bodies 
the benzenes by means of sulphuric acid, all the three factors 
must be smaller in the residue. If we now remove the 
naphthenes by fuming oil of vitriol, so that only the paraffins 
remain behind, the specific gravity and Refractive index of the 
residue will be again smaller, but the specific refraclion will be 
■ greater. 

Pictet and 'Qomitr {Comptes rend., 1913, pp. 779 and 14.36; 
Ber., 1913, p, 3342; Chem. Zeit., 1914, p. 1025;/. Soc. Chein. 
Ind., 1913, p. 1098; 1914, p. 70; 1915, p. 163), by distilling coal 
in a vacuum at a temperature of only 450°, have obtained a 
“vacuum tar” containipg a number of hitherto unknown 
hydro-aromatic hydrocarbons which may [or may not I ] occur 
in ordinary coal-tar as well, but it would be anyhow too 
difficult and without any technical intere.st, to isolate them 
from that. 

Hvdrocauuons of the Acetylene Series, 

Acetylene itself} CjHj, is a gas, and can bp dissolved only in 
very small quantity in tar. ^Schorlemmer {Chem. News, xiii., 
p. 253) foundjn the light oil from cannel-coal, after treatment 
with sulphuric acid, polymers of the acetylf"" r....:.,.- 
general formula viz. 

• boiling at 210” C. 

U14H2.,, „ 240 „ 

CigII2(ji „ 280* „ 

They are colourless, oily liquids, lighted than water, smelling 
like carrots or parsnips. They unite directly with bromine, 
with a violent rfeacfion; in concentrated, nitric acii they 
dissolve; and ion 'diluting ^he solution with wRte*onlyc.nitro- 
compounds separate Since the original' oils boiled below 
120°, they cannot have contained these, bodies, but those 
of the acetylene . series, QHjJ.,, itself.' In coal-tar they 
probably play eVen a less important part than in cannel-tar. 
But* to acetylene itself a very important* function in the 
formation* of asomatio hydfocarbons is ascribed fsee below. 

. p. 220^. . , / ^ 

. Acetylene is now technically prepared in large-quantities by 
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decomposing calcium carbide with water, and furnishes an 
excellent gaseous illuminant. 

Allylene, CjHj 

Normal allylene, OH-j—C=“CH, discovered in i86i by 
Sawitsch ai?d by Markownikoff. Colourless gas, smelling like 
acetylene, soluble in water and especially in alcohol. 

Isoallylene CH2=C = CH2, discovered in 1872 by Aarland. 

The allylenes have not yet been proved to exist in coal-tar; 
but they most probably do occur there, and play an important 
function like that of acetylene. 

Crotonylene, 

Discovered in 1863 by Caventou^; since then prepared 
synthetically and found in coal-tar® and in Pintsch tar.® 
Possibly,the latter is isomeric with the crotonylene from coal- 
tar, and is not a true acetylene, CjHj.C^^sCH, or else 
dimethylene-ethane, CH2=CH —CH = CH2, or else dimethyl- 
acetylene, CH,. C=C . CHg. 

Crotonylene is a colourless liquid, boiling at 18°. 

Isomeric with crotonylene is the i : 3 butadiene (vinylethylene, 
erythrene, pyrrciyten), whose presence in coal-taf had been 
made probable by Kraemer and Spilker’s discovery of cyclo¬ 
pentad iene {Berl. Ber., xxix., p. 552), and which had been 
separated by Caventou {ibid.,»e\., p.*70) from compressed illu¬ 
minating gas, an 3 also obtained by passing fusel-oil vapours 
through red-hot tubes. Contrary to the^ hydroearbons (jf the 
acetylene series, ■ it ’does not* produce any precipitate in 
ammoniacal cuprous-chloride solution. According to a private 
communicatiori to Dr Koehler, Spilker an8 \yeissgerber have 
obtainai it r^etftly from “ first runnipgs ”v3f tteniol, where it is 
present in a quantit;? of 2 to S per cent, of the total benzol. 
This discovery is 0/ considerable importance in view of the 
recently published pibcesses foV manufacturing synthetic india- 
rubber methyl-butadiene and other derivatives of butadiene. 

Patents have been applied for b/ the Gesellsehaft fur 
* % 

' Caventou, Bull, Soc, CHnu [2], xit., p. 24^. 

> Helbing, ^nnalen^ clxxii., p. 281. 

» Armstromr and Miller, /. Chem. Soc., xlix,, p. bo. 
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'Teerve^wertung in Duisburg-Meiderlch, for the recovery of 
crude butadiene aod dts conversion into an indiarubber-like 
substance. Such crude mixtures can be obtained from the 
crude benzol, both that distilled from gas-works tar and from 
coke-oven tar, by fractionating the “first runnings”; also 
from the product made by compression or cook'ng. These 
mixtures, on being treated by metallic sodium, are to a great 
extent converted into a substance resembling indiarubber. 
According to the patent application, first runnings from crude 
benzol, previously freed from carbon disulphide by well-known 
means, are cooled down to at least — io°, and fractionally 
distilled lyitil the vapqjirs passing over show a temperature of 
25°; too parts of the distillate are mixed with 2 parts sodium 
(in the shape of wire or ribbon) and allowed to stand at the 
ordinary temperature. After a short time the sodium com¬ 
pounds of the acetylene hydrocarbons separate out in the form 
of a white or light yellow powder, which sinks to the, bottom ; 
thereupon the polymerization of the remaining hydrocarbon sets in 
and the contents of the vessel is converted into a jelly-like mass. 
When no more tkickening takes place, the whole is diluted with 
benzol, the sodium compo^jnds are removed by decanting or 
filtering, and the indiarubber is precipitated from the solution 
by alcohol; The presence of small quantities of ammonia 
promotes the polymerization. If the total annual production 
of benzol in' Germany is put = 100,000 tons, it would be 
possible to obtain from it *2000 'to 5000 tons of butadiene, and 
the .same quantity of artificial indiarubSer, which would 
be about 2-5 tp 6-5 per cent of the present*annual pr«duction of 
indiarubber = about 80,000 tons. 

Valylene, CjHg. 

I' 

'Syn. piperylene, Roscoe,^ in “ firsb runnings " from coal-tar, 
discovered a compound, spontaneously forrned by polymerization 
of the fraction boiling at 30°, and exhibiting the composition 
CijHij, melting -at 32°-9. He considers it.possible thatthis may 
hstve be«n formed from valylene, CjH,,, but a search for that 
body pfbved .unsucqessfuh Etard and Larabeh,* as well 

« 

' /. Chem, Sec., xlviii, p. 669. 

* Ompttc rend., 1891, cxii,, p)945. 

* » • 
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as Kraemer and Spilker,^ proved that hydrocarbon not to 
be valylene, but pyropentylene or cyc^opeptadiene. ferochet, 
however,'' isolated true valylene or “ piperylene ” from the com¬ 
pressed oil from boghead or schist, boiling ar4i° or 42°. 

j ^Ixoylene, 

^n. diallyl. A colourless liquid, with a penetrating 
alliaceous smell,,boiling at 76° to 80°; sp, gr. at i3°=o-7i. 

Hydrocarbons of the Series C.H„. 

tv ,i1V~4 

One such, nonone, CgHjj, the nextjower homoljguc of oil 
of turpentine, has been found by Tawildarow-’’ in tar, viz. in 
the portion distilling after cumene, between 175° and 190°. 
On fractionating, most came over at 174°. This body does 
not appear to have been obtained in a pure state, and its 
existence cannot be considered completely established. It is 
possibly identical with Baeyer’s synthetically prepared dihydro- 
cymene {fieri. Ber., 1893, p. 232). 

Cyclopentadievf, 

Syn. pyropentylene. Obtained in an impurp state by 
Roscoe, in a pure state by Etard and Lambert {Comptes rend., 
cxii., p. 945), froth the condensation-products of oil-gas. 
Boils at 42°-5 ; sp. gr. 1-803. Kraemer and Spjlker {Bcrl Ber., 
1896, p. 552) obtained it also from-tlie first runnings of coal-tar 
benzol; they state the boiIing-point=4i°; sp. gr. at i5°=‘o-8i5. 

It has a peculiar sipell; it is insoluble? in waftr, but miscible 
in'all proportions with alcohol, ether, and benzene. Concen¬ 
trated eulphuric acid carbonizes it with,explosive violence; 
dilute acid aeu.'ats it to “resinify.” Ch^oriite, .bromine, and 
iodine easily’form a(Jdit;jon-products*; also aqueous sulphurous 
acid, the latter forming a compound CioHjj.zHjSOj, soluble^ in 
alkali, but insoluble"Sn nearly alf other reagents. Silver nitrate 
is at once reduced by it. ' , 

. Cyclopentadienf*polymerizes even,in the cold qfiite spon¬ 
taneously to a solid, dicyclopentadjene whiM exhibits 

■ Srr/. Ber., 1896, p. 1152! * CompUe rend., cxj,v.,p. %3i. 

’ Z.fur Chemie, [2], 1868, iv., p. 278. 
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all the essential properties of oil of turpentine; boiling- 
point, iVo”; melting-pqint, 32-5°; sp. gr. 0'9766. 

Extensive investigations on cyclopentadiene have been 
made by I. Thiele.^ The structural formula of cyclopenta¬ 
diene is: 


CH., 

/\' 

HC/ \CH 


HC!'-iCH 


NoHone, CgH„. 

Boiling-point, 174° C. Found by Tawildaroff in coal-tar. 
Possibly identical with Baeyer’s synthetically produced Dihy- 
drocymene {Berl. Ber., 1893, p. 232). 


Hydrocarbons of the Benzene Series, 

The compounds of this series, which belong to the large class 
of the so-called aro^matic compounds, are specifically characteristic 
of coal-tar. They occur also in the tar from wood, browncoal, 
shale, etc., but therein occupy a subordinate position.^ But 
they are also formed by many reactions; j.bove all by the 
action of heat, partly from their own higher homologues or 
other derivatives, partly by the decomposition or by the mole¬ 
cular condensation of alipljatic compounds. By the action of 
■ high temperatures, c.g,^ by passing the vapouru through red-hot 
tubes," benzene is formed not merely frpm toluene, xylene, 
styrofene, etc., but a'iso from^ alcohol, «acetic acid, ethylene, 
methane, frequently together with naphthalene; e.g.— 

= 3CgH„ -^ CjjHj + 3H2. 

' ^erl. Ber., 1909, p. ^6. > ' 

* Markownikoff (Akk. Ckem. Phtrm., cdxxxTv., p. 89) has found in 
Cascasian petroleum large quantitiei of benzene, toluene, xylenes, pseudo- 
cumene, mesitylene, durene, isoiiureoe, diethyltohene, and other hydro¬ 
carbons of the formulae C„H„, C„H» 0,3^,^. If these discoveries, 
which are Artamly in opposition to the assertions'^f all previous investi¬ 
gators, wejl confirmed, it would become doubtful how jnuch 'of the 
aromatic hydrocaAons, found after passing, petroleum residues through 
red-hq^tube^ are newly formed, and how^much was already pre-ex*stent 
in the origfnaf substance. 







Of course, even more highly condensed molecules, such as’ 
anthracene, phenanthrene, chrysene, etc., ^are formed in a 
similar way, hydrogen being eliminated. By passing the mixed 
vapours of benzene and toluene through red-hht tubes, Carnelly ^ 
obtained naphthalene, diphenyl, paratolylphenyl, orthoparadi- 
phenyl, two^methylene-dipthenylenes, phenanthrene, anthracene, 
paradiphenyl-benzene, a hydrocarbon a liquid hydro- 

carbbn fusing at 13“ and boiling at 290° to 316°, two other liquid 
hydrocarbons (or mixtures of hydrocarbons) boiling at 359° to 
383° and 404° to 427°, and solid black bitumen. 

Ferko (Berl. Ber., 1887, p. 105) passed the vapours of benzene, 
toluene, and naphthalene, together with ethylene, through a 
red-hot iron tube. Heobtainedfromben'zene-f ethyleii’e: carbon, 
hydrogen, diphenyl, styrol, anthracene, and phenanthrene. 
Toluene, whether mixed with ethylene or not, by that treatment 
yielded benzene, naphthalene, styrol, anthracene, and a little 
phenanthrene. Naphthalene yielded diphenyl; naphthalene 
-hethylefie yielded dinaphthyl, a little phenanthrene, and 
acenaphthene. Ethylbenzol yielded benzene, toluene, styrol, 
naphthalene, diphenyl, phenanthrene, and anthracene. 

Norton and Noyes {Amer. Chem.J., viii., p. 362), on passing 
pure acetylene gas through a red-hot pipe, obtained benzene, 
naphthalene, anthracene, methane, ethane, propylen£, butylene, 
and crotonylene. 

It thus becomes conceivable why destructive distillation at 
lower temperatures yields mgre oj fatty bodies and less of 
permanent gases,* at higher temperatures more of aromatic 
compounds and mor^ of permanent gases, and why, by passing 
the heavy hydrocarbons of the ^liph^tic 'class (from wooi 5 -tar, 
shale-tar, petroleum, etc.)‘through red-hot tubes, benzene and 
its deritatives can be prepared on a large, scale (pp. 185 
etseq.).^ 7 "- _ 

We shall return tQ»this subject when treating of the thebry 
of the formation of tar. 

Betizene, QH^. 

Syt^. benzol (thi^ Word is now mostlyrfjsed for the copimerchl 
mixture of l^nzene, toluene, etc., in .varying quantity), ^henylic 
hydride. It is usually stated that benzene was discovered in 
' XChem^Soc., 18S0, p. 701. 
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•1825, by Faraday, in the, liquid separating from condensed 
oil-gas, but Scheleijz (Z. angew. Chenu, 1908, p. 2577) has shown 
that the compound which we now term “ benzol,” or more recently 
“benzene,” had been discovered in coal-tar forty years before. 
Faraday in the year 1825 reported “ On new compounds of carbon 
and hydrogen, and on certain other pioducts obtained during 
the decomposition of oil by heat.” In Macquer-Leonhardi’s 
Chymisches Worterbuch, published at Leipzig in 1783, vol. i., 
pp. 86, 709, a passage is found which in English translation 
runs as follows:—“ From coal we can obtain by distillation a 
nearly tasteless water, a brownish-yellow, disagreeably balsami- 
cally smelling oil, and another empyreumatic, tougher oil which 
can be rectified into liaphthol (that is, ‘ mountain-oil,’ in the 
old classic sense), like petroleum.” In 1784 was published at 
Leipzig, Demady's Labomnt, translated into German by Samuel 
Hahnemann, in which the distillation of coal on the large scale 
is described, enumerating the various fractions, one of which 
can be at once put into bottles in which a space of at least 3 or 
4 fingers’ breadth must be left Even before this, in Caspar 
Neumann’s Praejectiones Chemica, published at Schneeberg in 
1740, it is stated that “fossile carbons” on distillation yield a 
little water and “a sharplj? tasting spirit,” which must have 
been benzol. 

Mitscherlich called the substance which he obtained in 1833 
by the distillation of benzoic acid with lime, “ benzin.” It is 
not quite certain whether the flesignation “benzol” was first 
used by Faraday or by Liebig; “benzene” appears in French 
publications of 1861. In the same year Hirzel recommended 
“ benzol from coal-tal,” mixed with magnesia, as a detergent. 
Confusions with “benzin” from petroleum were still very 
frequent, until for ^Germany the official Deutsches Atzneibuch 
in 1882 made' a ;iefinite distinction betv.’eTRi “benzinum 
pefrolei” and “benzol from coal-tar.”. This is practically the 
same distinction as is made in England. 

The term “ benzene ” is everywhere understood to mean the 
compound'GjHj, for which,however,the designation “ benzol” 
is'also fi;equently employed, t.g. in the f)harmacopceia. The 
term “ benzin ”,is reserved for the quite different Hydrocarbons 
distilled,, from petroleum. Mitscherlidh, in 1833, prepared it by 
|he dry distillation of calcium benzdate, dfetermined its empirical, 
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formula, and conferred upon it its present name; he ^Iso dis¬ 
covered nitrobenzene. The first dissovory of benzene in 
coal-tar is claimed by Leigh, who states that his communication 
to that effect made to the British Association meeting in 1842 
was by an oversight omitted in its Report.' At all events his 
observation remained unknown and sterile; and the credit of 
having, in 1845, distinctly recognized the presence of benzene in 
coal-tar, and proved it by transforming it into nitrobenzene and 
aniline, will not be denied to A. W. Hofmann." The process for 
obtaining it in any quantity from coal-tar was worked out 
in his laboratory by one of his pupils, Charles Mansfield,® 
who carried out the process on the J^rge scale ar^ minutely 
described the principle of dephlegmation for separating the 
various hydrocarbons; he distinctly pointed out that the 
apparatus employed in rectifying spirit might be employed for 
this purpose, even with greater advantage than for spirit of 
wine itself^—a suggestion usually, but erroneously, ascribed to 
E. Kopp, who first mentions it in i860.® Mansfield fell a 
victim to his discovery. On the 17th of February 1854, he was 
occupied with the distillation of benzene on <b somewKat large 
scale for the Paris Exhibition, r^hen the liquid in the retort 
boiled over and took fire, burning him so severely that he died 
a few days after.* 

Benzene was formerly considered to be exclusively found 
in coal-tar, but this is erroneous. Thus Markownikoff [Chenu 
Zeit, 1902, p. 572; comp. al*o th& footnote dn p. 222) found 
it in Caucasian (Setroleum. This was confirmed by Ki^emer . 
and Bdttoher {Berl.*Ber., 1887, p. 601). Graef^ ^entr,, 

1906, i., 1681) found is much as 23 g. per cbm. in the gases 
produced in the destructive distillation of Thuringian lignite. 
It occurs also in large quantities in pdtroteums from East 
India.. E. jfJ. Sfirke took out an Ag^ericftn pateht. No. 91^780 
in 1906, for obtaining it* from petroleum by means of forming 
a sulphonic acid. ^ 

Mansfield had already utilized the property possessed by 
benzene»(first observed by Faraday), of crystallizing, at 0°, for., 

• • • • * 

■ Monit. Sclent, 1865, p. 446. J Ann. Chem. p, *04, 

. ’ B. P. No. lii6o, of Now ii, 1847; Chem. Soc‘ i., p. 244. 

' * Leaure at the RoyaJ Institjition, April 27, 1849. 

‘ Monit, Sclent., 187^vol, il, p. 829. 

• ' P 
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^reparir^ it in a state of perfect purity. It is allowed to solidify 
in a freezing mixture; the liquid portion is pressed out; and, if 
necessary, the operation is repeated. Hofmann ^ has shown 
that the crystals easily enclose mother liqupr, which causes the 
product to contain toluene. Hence he prescribed preventing' 
the formation of large crystals and completely separating the 
mother-liquor by atmospheric pressure, for which purpose he 
described a convenient laboratory apparatus. ^ 

Formation of Benzene.—Benzene is formed, on the one hand, 
by synthe.sis {conden.sation) from acetylene and other fatty 
compounds of simpler molecular constitution, and, on the 
other, by the splitting-up of more complex compounds, both 
fatty and aromatic, in both cases by the action of strong heat. 
In sealed tubes it remains unchanged even when heated to 
400° C. Hence it is one of the most stable organic compounds; 
but on passing through red-hot tubes it is decomposed with 
formation of more highly condensed hydrocarbons, especially 
diphenyl (Berthelot, Schulze,* Schmidt,-’ Behr und van Dorp).^ 

, According to M‘Kee (/. Soc. Chevi. Ind., 1904, p. 403) it begins 
to decompose at«438°, and at 700° C. it is already strongly 
dissociated. Passed through red-hot tubes together with 
ethylene, it yields styrolene, naphthalene, diphenyl, acenaph- 
thene, anthracene, etc. (Berthelot), all of wliich must con¬ 
sequently be found in crude illuminating-gas and the tar there¬ 
from. Watson Smith {Chan. Ind., 1891, p. 77) observed its 
formation by the action of carbon on phenol: 

. . CsH,. OH-1-0=05115-(-CO. ‘ 

C.i B. Jac(abs (U.g. P. 635017, of 181)9) prepares benzol 
synthetically by heating a mixture of finlly powdered metallic 
carbide and a fusible metallic hydroxide in equivalent mole¬ 
cular weights up \o the fusion of the hydroxide, condensing 
the evolved hydrocarfcons in a receiver. 

Scholvien (Fr. Br 347862,1904) projfos^s to prepare benzene, 
its'homologues and hydroxyl derivatives, by electrolysis. When 
. coal, tar, tar-oils, or other carbon compounds are exposed to a 
direct electrical "current in a porous cell,*qr to an alternating, 
electric ctfrrent in any Sort of vessel in thd preseij^ce of’water 
and soluble or* insoluble a?:ids, basqs or salts, inorganic or: 
t ' 1871, p. i 5 j. ’ chtxiv., p. sot, 

' ’ Bert. Ber., 1874, p. 1365. ‘ Hid., t>3, p. 7*7. 
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organic, first benzene and its homologues and subsequentf) 
their hydroxyl compounds are fornjed.. Only very weal 
currents are required for the reaction, and the temperatun 
has but littie influence on the process. 

Properties .—Benzene is a colourless mobile liquid of peculia 
smell. Itj boiling-point is stated at 8o° to 8i° (Mansfield) 
8 o°. 4 at a pressure of 760 mm, (Kopp), 8o°-1 (Warren), 8o°-3( 
(Regnault) 8o°-^ (Weger). Adrieenz {Rerl. Ber., 1873, R 44 * 
found that benzene prepared from tar boils at 8o°'53 8o°-62 

that from benzoic acid at 8o°-6o to 8o°'67. The temperature 0 
a boiling mixture of benzene and water is 68°'5, that of thi 
mixed vapours dp’-i (Naumann, 1877, p.,142). Tb 

vapour tensions of benzene and its homologues have beei 
minutely investigated by Woringer {Chem. Zentr., igoc 
ii., p. 530 - 0° solidifies to a mass of crystals, which fus 

at 4°-45 (Regnault), or 7° (Mitscherlich). Richards and Shiple; 
(/. Amer. Chem. Soc., 1914, xxxvi., p. 1825) found the freezing 
point of absolutely pure benzene, both of that obtained fror 
coal-tar and that synthetically prepared from benzoic acid = 
5-483 ±0'002°. The crystals are orthorhomfcic prisms, whos 
axes a-.b-.c have the ratio 0-891 j i : 0-799 (Groth, Pogg. Ann 
cxli., p. 31). Its specific gravity was found at o°=o-899i (Kopp 
at i5°=o- 884 (rfiendelejeff); at o°=o-8957, at • i5°=o-88a 
(Warren), at i5° = Qi885 (Weger). Its coefficient of expansio: 
is stated by Kopp for the temperature t° (between ii°-4 ani 
8 i°- 4) to be 

V,= I -f o'ooii 7 i 626 /-f o’oooooij 7755 /'-'-(-o-oooooooo 8 o 64 'S/’. 


Adrieenz gives thS following table lor me specmc gravity c 

benzene (prepared from b’enzoic acid) at various temperatures 

• • • 
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The ^ecific gravity of benzene from tar-oil he found at o° 
= 0’90i22 and o-9oi?,9. » 

The volume-weights of benzene at various temperatures are 
treated in detail by Biron {Chem. Zentr., 1910, i., p. 1912). 

The specific heat of benzene- between 19° and 46° is 0-450 
(Kopp). Its refraction-index' for the line A is 1-4^93; for D 
it is 1-5050; and for H, 1-5307; Adrieenz {loc. at.) gives 1-4957 
at i5“-2 for D. The molecular combustion-heaf of benzene, at 
constant pressure, is =779-5 caloriesits capillary constant at 
15° = 83-65 nim.“ 

Special investigations on the inflaming-points of benzene 
and other Jiydrocarbons^have been made by Raikow [Chem. 
Zeit, 1899, p. 145); Meunier [ibid., i900,p,95i); Holde [Chem. 
Zentr., 1899, il, p. 546). 

Microchemical investigations on benzene and the other coal- 
tar hydrocarbons have been made by Behrens [Chem. Zentr., 
1901,1., p. 796). 

We also mention the work of Kraemer and Spilker on 
distillation under pressure [Ber., 1900, p. 2205); on the 
reactions of benzol by W. Loeb [Ber., 1901, p. 915), by Dimroth 
[Pharm. Zeit., 1901, p. 302), by Sabatier and Sendereris [Chem. 
Zentr., 1901, i., pp. 50i( 817). 

Benzene'is not merely a most important substance for 
industrial purposes, but even more so for theoretical chemistry. 
The enormous array of aromatic compounds are all derived 
from benzene. It would appear almost impossible to find one’s 
, way through this interminable field, had not Kekule’s celebrated 
theory of the constitution of benzene broi^ht light and order 
into it. It can be stated, -without fear of contradiction, that 
without Kekuld’s hexagon formula nofhing like so many and so 
important aromafjc cbmpounds would have been.discovered as 
there have befen; his,'hypothesis is certainly'bne pf the most 
fertile and suggestive that have evefl: been propounded in 
Chfemistry. 

Nearly all chemists agree'with Kekuiein assuming that the 
six carbon atoifis of benzene are united in a clos»d chain 
[ (nifcleus)^and that, of the four bonds of esfch atom, three are 

1 Gladstone, Soc., 1870, vol. xxiii.'i p. 152. 

* Siohfiiann, Kleber, and Langbein, Btfl. Ber^^^l^, 1889, p. 527., 

, ® Cohen, Clam. News, 1886, vol liv., p. .3o5. ' ‘ 
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satisfied by other carbon atoms of the same nucleus, ^le fourth 
being satisfied by hydrogen atoms, gut .opinions differ as to’ 
the special kind of bond; and it does not seem appropriate here 
to enter into this theoretical discu-ssion, whfth is not yet closed. 

For the sake of simplicity, benzene is usually represented 
merely b^ the figure* o'f a hexagon, and its derivatives by 
attaching the respective groups to the corners, whilst the empty 
corners are und^erstood to be filled with hydrogen atoms. 

Benzene is very little soluble in water, but sufficiently so to 
communicate its smell to it. On the other hand, it dissolves a 
little water: according to Groschufif {Z.angew. Chem., ipii.p. 
1451), 0-051 per cent, at 18°. According to Young and Fortey 
{ibid., 1902, p. 516), nearly all alcohols of low boiling-point, 
except isoamylic alcohol, form with benzol mixtures of constant 
boiling-points. Ethylic alcohol, isopropylic alcohol, K-propylic 
alcohol, and tertiary butylic alcohol, form with benzene and 
water ternary mixtures of constant boiling-point. 

Benzene is easily soluble in alcohol, ether, wood-spirit, 
acetone, etc. It dissolves iodine, sulphur,' phosphorus (when 
hot), and (very easily) fats, ethereal oils, tfosins, etc. It is 
easily inflammable, as well as its vapour, which necessitates 
great precaution in storing it in quantity. It burns with a 
strongly smoking flame. Ordinary coal-gas passed through 
benzene gains ver,y much in illuminating power; Berthelot 
even ascribes that of (Paris) illuminating-gas principally to the 
benzene contained in it; whilst formerly substances of the 
ethylene series fbeeived the credit. This has been cogfirmed 
by the researches of Frankland, of Knublauch ,2 etc., anc^is now* 
pretty generally assirtned to b& correct. * Even atmospheric air 
passed through benzene yields a mixture burning with a bright 
flame, lipon w^ich property Mansfield at •thart'time (before the 
disco\pry qf tliE aniline colours) .foun^ed*’hi9 hopes of an ' 
industrial utilizatiqA sf benzene. Frankland and Thorne* 
made a quantitative investigaticn of the illuminating power of 
benzene when mix^ in the stateiof vapour with non-luminous .» 
gases. 

' fhc somewnai consiaeraote soluDUity ot sulphur in benz^e and ethei 
(also^the heavy tar-oils) ha« been studied in-detail E. Pelouze, junioi 
{Ctmptes nnd., Ixviii., p. tiyp, ^xix., p. 56). . • 

* i?zr., i88if p. 240.^ ’ Chem. News, xxxvii., pp. 36, 72. 
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' Benzene, on being inspirated in breathing, causes first a 
quickening of the, pulse and the respiration, afterwards 
stupefaction, and in large doses 50 g. for a cat) it 
produces death. A case of this kind is .reported in Chem. 
Zdt. Rep., 1908, p. 39). In the case of men, the inspiration 
of 10 g. benzene causes headache, giddiness, inclination to 
voniiting, coughing, and sleepiness. Forty to 50 g. produce 
anaesthesia, similar to that produced by cjiloroform, with 
violent perspiration, sometimes with all the appearances of 
drunkenness. The workmen often complain of “ant-creeping” 
and dryness of the skin, owing to the oily secretions of the 
skin being dissolved. Such a case is reported in Chem. Zeit. 
Rep., 1908, p. 39. Nevertheless the men working in india- 
rubber works, and continually exposed to benzene vapours, 
enjoy normal health. 

There are some contradictions on the point of the toxic 
quality of the tar hydrocarbons. Berthelot (Comptep rend., 
cxxxvii., p. 953; Chem. Zentr., 1904, i., p. 527) asserts that 
benzene, toluene, and xylene have very poisonous effects, 
whilst naphthalen; has not. But Staehelin (Chem. News, 
Ixxxix., p. 74; Chem. Zentr.^ 1904, i., p. 1024) contends that 
only the vapours of benzene, not those of toluene or xylene, 
by themselves cause death, and that traces sf such vapours 
form the principal poisonous constituent of coal-gas. 

At the second International Congress for Industrial 
Diseases, Rambbusek^ made a idetailed report on industrial 
j benzol,poisonings. He enumerates a list of cases of poisonings 
by bepzol, reported in technical publicatioois during^ the last 
few years,'which occurred in benzol factories, tar distilleries, 
extraction works, india-rubber factories, and in working with 
benzolv- containing jiaints, which partly led ,to transient 
^intoxicating effects, partly Jo death, but were sill m ihem alue to 
inhalation of the vapour of technical beftzd ,of various qualities 

'Lewin (Z.fiir Gewerbehygieue, 1907, p.- 5^28) observed that, il 
air is slowly passed through 'benkol and tfien into a bell-jar ir 
^'which anifljals wdre confined, already after four to sixTOinut* 
" paralysis di the movemehts, convulsions and* loss of conscious¬ 
ness set *in, bat no after-dffects wefe observed. • Santessor 
J {Skahd. Arch. f. Physiol, 1900, pp. I et seg.) also effectec 
' Concordia, 1910, p. 448.^ > 
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chronical infections of animals by inhalations of benzjl; these 
effects were the same both with factory benzols ajid with pure 
benzene. Subcutaneous injection of two or three cubic 
centimetres of benzol per day, in the cas^ of rabbits, led to 
death within from ‘four to eight days by fatly degeneration of 
the liver, ^c. * * 

Wojciechowski ^ obtained quite similar results. 

'Chemical Behaviour of Benzene .—The changes undergone by 
benzene when passed through red-hot tubes have been mentioned 
above (p. 226). 

Concentrated sulphuric acid at the ordinary temperature 
• acts very little upon benzene, for which reason the latter can 
be purified by treatment with that a*cid. Even thin, ordinary 
benzene cpntains some thiophen (sec below), which can be 
. removed bymore energetically agitating with strong sulphuric 
acid till the “indophenine reaction”—that is, a blue colour 
imparted to isatin—is no longer obtained (V. Meyer). But on 
heating the mixture, benzene-monosulphonic acid (CgHj.SOjH) 
is formed, and at very high temperatures, or more easily by 
fuming sulphuric acid, benzene-disulphonic ^id (C5Hj(SOjH)2). 
Concentrated nitric acid converts benzene into nitro-corn- 
pounds, mono- and dinitrobenzeiTc, upon which its detection, its 
■■ estimation, and, to a great extent, its industrial application are 
based. Oxidizing yeagents, such as potassium permanganate, 

, manganese dioxide, chromic acid, etc., acts upon it but little, 
and with formation of com^rlex products. About the action 
of ozone, see below. Chlorine and bromine yield with jt 
addition, and substitution products. The action of fuming 
. hydriodic acid under pressure furnishes hexaliydrobenzene. 

Benzene is a good indicator in iodometry, better than starch ; 

\ cf. Sdiwerow {Chem. Zentr., 1905, i., 1946), and Margosches 
{ibid.f\\., slo). "It dissolves the iodine >’itl^strong red colora¬ 
tion already on adding 2 c.c. of 1/10,000 normal solutten to 
10 c.c. water, and 5 c.c. benzenq, whereas with thp same quantity,' 
“tof water and 5 c.i .starch paste* the addition of 5 or 6 c.c,’of' 
the abpve solution js required to produce a faint pu^le colour.- '*■ 
Benzene, like^i aromatic hydrocarbons,’is not yisensiWe to* 
' .atraosphel-ic oxygen, but there ansue^autoxi^ations which, as' 
reported by Weger xxxvi., p. 309) are rnost eas'iv' 

liKiug, Diss., Wurzburg, 
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proved ^by the sulphuric-acid reaction (see below). ■ A still 
stronger reaction is produced on benzene and its congeners by 
ozone. If ozone is passed through benzene, the escaping 
, vapours have a 'strongly acid reaction; cf. Houzeau and 
Renard [Comptes rend., Ixxvi., p. jyz) and Leeds {fieri. Ber.,iK^\., 
P- 975 )- According to Harries and Wetss {ibid., 19^4, p. 3431), 
in this case a fearfully explosive compound is formed, to which 
they have given the name “ ozobenzol." 

Kraemer and Spilker {Berl. Ber., xxxvi., p.'309), looking at 
the existence of phenanthrene and anthracene, hold it not to 
be excluded that another benzene exists. Which of two 
benzenes possible, represented by the graphical formula; 

f •• 

C„H.,"-C2H/ /CH. 

V/ 

C.,H2" 

belongs to the benzene hitherto known, cannot be. as yet 
declared with certainty {cf. below). 

The methods for estimating benzene vapour in coal-gas 
have been described (pp. 85 et seq.) ; those for testing liquid 
benzene will be described in Chapter XI. 

Toluene, C,Hg=CjH5.CH^. 

Syn. methylbenzene. Toluene was discovered, in 1838, by 
Pelletier and Walter, in tlj.e condensation-products from the 
manufacture of rosin-gas, and was called “ retiMphtha.” After¬ 
wards Deville obtained it by destructive ijiistillatioq of tolu- 
balsam; the name of toluene„ (toluol) 'was given to it by 
Berzelius. Mansfield {Ghent. Soc. Quart. /., i., p. 244) fourid 
it in coal-tar, and at has since been met with in many rtuneral 
oils, e.g. in petroletm Jjy Charitschkoff {ChemTltelt. Rep.,^ 1902, 
p. lyp). Its formation, together wilii , that of analogous 
compounds, ha; been mentioned above. It is obtained from 
coal-tar in very large quantities, and if necessary in a state of 
great purity, and is largely employed, partly,for the mani)/acture 
of colouring matters, partly as a solvent. It is more difl^cult 
to prepare in a perfectly puse state than benzene, because it 
does hot crystallize. ‘ 

) Our present cheinical theories adrttit only one toluene; and 
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in fact it has been proved by Berthelot' and Rosenstiehl ^ that, 
all toluenes, whatever be their origin, are identical. 

Toluene is a colourless, mobile, strongly refractive liquid. 
Its boiling-point is iiO° (Wilson), or in'* (Wilbrand and 
Beilstein), or iio°'3 *(Warren). ^ It solidifies at -90° (Weger). 
Its specific gravity at (f == 0-8824, 15° = 0-8720 (Warren); 

or at 0° = 0-8841»a-t 15° = 8702 (Louguinine). The latter states 
its vblume at the temperature /, if at 0° = i, as 

V,= I -I-o.ooio28r-f 0.000001779^2. 

Deville gives 1-4899 as its refraction-index. The capillary 
constant at 15° is = 83-95 mm. (Cohen, C/!e 7 u. News, liv., p. 306). 

The smell of toluene is slightly different from that cT benzene. 
It is insoluble in water, but communicates its smell to it; it is 
miscible with alcohol,ether,carbon bisulphide, etc. It dissolves 
sulphur, phosphorus, iodine, fats, etc. When ignited, it burns 
with a bright and strongly smoking flame. Passed through 
red-hot tubes it yields benzene, naphthalene, anthracene, 
phenanthrene, etc. 

According to Berthelot, toluene possesses, jimilarly to oil of 
turpentine, the property of rendering oxygen active; when 
toluene is shaken up with a very dflute tepid solution of indigo 
in the presence o^air, decolorization takes place. A^rcording to 
Weger, in the autoxidation of toluene by atmospheric oxygen, 
among other substances also benzoic acid is formed. 

Concentrated sulphuric acit(,dissoJves toluen&on heating and 
prolonged shakings fuming acid does so much more quickly. 
Thereby t\j'o isomerif sulphonic acids are formed. Nitric acid 
of less than 1-42 sp. gr. does nqt act upfln it wTien cold; but 
funiing nitric acid does so violently, even more so than upon 
benzenef nitro-products up to trinitrotoluene being formed. 
Oxidizipg a^e!ns«(dilute nitric acid, chrqmi^acid, potassium 
permanganate) convejt ^t into benzoic acid, but only \fith 
difficulty and great loss, so that this direct oxidatipn is scarcely 
practised on an industrial scale.* By plumbic oxide toluene 
at a tegiperature Ijelow 335° is converted . into benzene: 
CjHp(QH3)-l-3Pb0=i:‘3Pb-l-C5Hj-m20-i-C02 (Vincenf Comptes 
rend., cx., p.^07). 

Hydrotoluenes up to now have not been found in coal-tar. 

* Bull. So(. xf, p. 381. 2 xi., p. 385. 
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Xylenes, 

i>yn. dimethyjbeivene. Xylene {i.e. a mixture of the 
isomers) was discovered in 1850, by Cahours, in crude wood-- 
naphtha. In coaVtar it was found by Riyhausen and Church; 
by Mabery in Californian crude petroleum. It has been 
synthetically produced by Friedel' and Craffts,,by treating 
benzene or toluene with methylic chloride in the presence of 
aluminium chloride. ^ 

The xylene of coal-tar, even when entirely separated from 
its homologues, still showed very different properties in the 
hands of various observers. Commercial xylol has a boiling- 
point of 138° to 140°^^ and at 0° a specific gravity of o-Zjj. 
According to Louguinine, its volume between 0° and 100° is 
found by the formula: V,= i+0-0009506/-t-0000001632/*. 
If steam is injected into xylol, it is carried away. The mjxed 
vapours have a temperature of 9r-S,and contain upon 100 parts, 
xylene 45 parts water, independently of the shape of,the vessel 
and the speed of distillation {^dMm 3 .m,Berl.Ber., 1877, p. 1726). 
Its inflaming-point is about 21°. 

Fittig first proved in 1869 (Liebig’s Annalen, cliii., p, 265) 
that coal-tar xylol is not a homogeneous body; he stated it 
to contain 90 per cent, mptaxylene and 10 paraxylene. But 
0 . Jacobssn (ibid., cliii., p. 265) has proved the presence of 
orthoxylene, and estimates the proportions at 70 to 75 per cent, 
metaxylene, 20 to 25 paraxylene, and 10 to 16 orthoxylene; 
in any case, different tars differin this respect (cf. Chapter XL). 

Qrude xylol—that is, such which has*not been treated 
witl^sulphurij acid (by which considerable quantities of ortho¬ 
xylene are dissolved)—probablycontains'buch more orthoxylene 
than was found by Jacobsen in the refined article analyzed by' 
him. This supposition (suggested by me in^he firs^ edition 
of this work,'p. 44) l»as bjen confirmed by Jacobsen (B^rl. Ber., 
1881, p. 2628), who found up to 25 pdr Sent, of orthoxylene in 
crude coal-tar xylene. In the purest, sjate (ixe. when 90 per 
cent, pass over within 3°-® arid 95 per* cent, within 4°-5)i it 
consists ^f 60 per cent. »r-xylene, 10 to«25 per centf o-xylene, 
and /-xylene, and SVnall quantities of* trimethylb^zenea,' 
..paraffin,*and thioxene (We|er). 

. VrlJtexylene, colpurless liquid, whcMCj 
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pleasant aromatic smell differs from that of its isomejs. It • 
boils at 141° to 142°, and is not yet solid {it —22“. It dissolves 
in concentrated sulphuric acid, forming only one sulphonic acid. 
Dilute nitric acid fyms orthotoluylic acid,*fusing at 102°; 
potassium permanganate forms phthalic acid; chromic acid 
entirely destjoys it by ojfidation. The sulphochloride melts, at 
52°, the sulphamide at 144°. Capillary constant'= 86-95 ram. 
at 15* (Cohen). ^ 

—CH 

Metaxylene [syn. isoxylene), C„Hj_boils at 139°, is 

also soluble in concentrated sulphuric acid, two sulphonic acids 
being formed. Dilute nitric acid forms metatoluylic acid, of 
106° fusing-point; potassium permanganate and chroftiate acid 
form isophtljalic acid. • There are two sulphochlorides, one 
melting at 34°, the other liquid at ordinary temperatures; the 
two sulphamidcs melt at 137° and 96° respectively. Specific 
gravity of metaxylene =0-8668 at 19°. Capillary constant 
at iSj° = 94-3 mm. (Cohen). 

Paraxylene, melts at 15°, and boils at I38°-S 

(Weger). It possesses an odour similar to that of orthoxylenc, 
but with a faint smell of aniseed‘superadded. According to 


Glinzer and Fittig, sp. gr. (of not quite pure par^xylene) at 
i8°-S=o-8625. Capillary constant at 15^ = 83-80. It is very 
little acted upon even by hot concentrated sulphuric acid; but 
faintly fuming oil of vitriol dissolves U, forming a sulphonic acid 
which can be preoipitated by water and purified by recrystal¬ 
lization, and from whjch by dry distillation pure paraxylehe is 
regenerated. This behaviour shows how it cafi be isolated. 
Diltte nitric acid forms'paratoluylic acid, melting at 178°; 
potassium permanganate and chromic acid fijrm terephthalic 
“Mid. The sulpficehloride melts at 26°, the, sulphapiide at 148^ 
The three* is'omersrfliisolved in sufphuric acid can be separ¬ 
ated in the following way (Jacobsen). As much ^s possible pf 
the excess of sulphurfc acid is removed by calcium carbonate; 
' the liquid is mixed ^Jith a slight excess of sodium carbonate, 
;.and the filtrate fevapbrated so far that o» cooling a considerable 
'Crop of salt "is obtained, Thi? sodium orthoxylene-siriphonate 
ixan be purified by recry%tallization, whilst the mother-lii^uors 
Pfcontain sodiujn metatxylen^ sulphonate. From these salts the 
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I ' 

■ hydrcfarbons are obtained by destructive distillation or by 
heating with hydrpchlpric acid to 195°. Coal-tar xylene contains 
a body similar to paraffin, insoluble even in fuming oil of 
vitriol, which has been examined by I^raemer and Bottcher 
{Ber., 1887, XX., p. 602) {ff. Levinstein’s process in the tenth 
chapter). 


Trimethylbensenes, CjH= C5H3(C Hj),. 

Mansfield in 1848 discovered hydrocarbons of the empirical 
formula CjHjj in coal-tar, but evidently did not isolate them 
in the pure state. Like him, other chemists for a number of 
years believed they had to deal with a homogeneous substance, 
identical with the retmyl obtained in 1837 by Pelletier and 
Walter from rosin-oil or cumene (cumol-propylbsnzene), and 
produced by Gerhardt and Cahours from cuminic acid. Even 
xylene was frequently confounded with cumene. To this con¬ 
fusion Beilstein^ put an end by describing the hydrocarbon, 
separated from its homologues as pseudocumene. Already 
Warren® had obtained it in a similar state, boiling at i69°-8. 
But Fittig andjiis disciples® proved that Beilstein’s pseudo¬ 
cumene is a mixture of two isomeric trimethylbenzenes, viz., 
of pseudocumene as at present understood (i, 2, 4), and of 
mesitylene« (i, 3, 5). K. E. Schulze {Berl. Ber., 1887, p. 409) 
found in the fraction of neutral coal-tar, oils boiling between 
170° and 210° about 15 per cent, trimethylbenzenes. Besides 
them 0 . Jacobsen* has foand a»paraffin, boiling at 170° 

to 171°. The same-chemist has described®"the preparation of 
botl^ hydrocarbons in a pure state by convertings them into 
-their .sulphamides, ’separating these *by crystallizing from 
alcohol, and decomposing the sulpBamides by heating them 
with hydrochloric acid to 175° (a process tc\p expensive for 
technical applicSioij). 

‘Engler® has found both pseudociftnene and mesitylene in 
different kinds of petroleum; so has Markownikofr(p. 222, foot¬ 
note). / The more recent restardhes in thft direction have beeo 
jnade by^Weger^ and G. Schulz.® 

‘ Ann.^hem. Pham., cxxxiiL p. 32. ' * Ch'em. News, xii., f. 292. 

® finn. Chem. fharvt., cxxxix.J p. 184 ; cxlp., p. 137; cl., pp. 257,183,,292, 

* eifutalen, clxxxiv., p. 179 * Ber., 1876, p. 256. “ Jiid., 1885, p. 1234, 

■ Z. angew. Chem., 1909, p. 341. * " Oerl. Ber., 1909, p. 3602. 
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Pseudocumene, {2), hoih at i69‘’-8/Weger). Its 

[CK.U) • / 

smell differs from that of the lower homologue#. It is insoluble 
in water, soluble in 4 ther and alcohol, also in glacial acetic 
acid (like mesitylene), •In sulphuric acid it dissolves (like 
mesitylene) with formation of a sulphonic acid. Sp. gr. 0-888 
at 15“. It is more easily prepared in a pure state from the 
“ solvent naphtha*’ of coal-tar than any other hydrocarbon. 
fCH, (I) 

Mesitj/iene,C,iHJCR^{3), was discovered by Kane^ by 

ICHjCs) 

treating acetone with sulphuric acid. Fittig found it i« coal-tar 
oil; smells rather like garlic. Boiling-point (corn) at i64°-5 
(Weger); spT'gr. 0-865 at 15°. According to K. E. Schulze {Perl. 
Ber., 1877, p. 410), it is the most prevalent of the three 


trimethylbenzenes in coal-tar. 

CH^CO 


Hemellithol, CHg (2), discovered by 0 . Jacobsen in 

CH,( 3 ) 


1882 {Berl. Ber., 1882, p. 1857), and found b)»him in coal-tar 
oils in 1886 {ibid., 1886, p. 2517); al^so by Kromer {ibid., 1891, p. 
2407) in commercial pseudocumidine. Boils at 17 S°> ^^d does 
not solidify at — dt>°; sp. gr. 0-901 at 15°. 

Weger “ has found that cumene, and many other unsaturated 
hydrocarbons in coal-tar, absorb oxygen from atmospheric air 
when kept in daylight; they then burn with J yellow flame, 
and otherwise change their properties. 


Ethylbetfzene, CaH^. 

This* isomer of the xylenes has been •found in technical 
.«oal-tar,xylene ^;7 Noelting and Palmer ^^to^he,extent of ic 
per cent., as the firsW representative among coal-tar oils* ol 
hydrocarbons with a prolonged Jateral chain. I^raemer (jJfiv' 
tomm.) points out thXt ethylbeazene does not exist as such ir 
coal-tar, no more thap any other hydrocarbons with prolonged 
’ lateral,chains, because these are split aff during the feating^i 
(the tar-still.* The ethylbenzene fou^d by^Noeltipg and Palmei 

‘ Poggend. Ann., xliv., p. m. * ' 903 i 398 - 

> Btrl.Btr., 1891,‘p. 19SS : ^-angtv). Chem., 1909, p. 3+1. 
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must ^have llften formed as secondary product from the parS- ' 
cumarone contained in the crude xylenes, washed with strong 
sulphuric acid horn, which the “technical xylene" had been 
obtained by distillation. Moschner (&r/. xxxiv,, p. 1261) 
in working up tar xylene f9r pure xylenes obtained after 
removing the /-xylene as much as possible from {he respective 
fraction, from each too kg, crude xylene about 4 kg. of the 
ethylbenzenes sulphonate of soda, crystallizing in flexible needles, 
shining like fat. By decomposing that sulphonic acid by water 
under pressure, the hydrocarbon is obtained in a pure form. 

It has been synthetically prepared by Brochet.* Colourless 
liquid, smelling .like xylene; boiling-point 137°. Friedel and: 
Craffts''^ describe a method for separating it from the benzol 
by the bromine derivatives. The pentabromide oV^thylbenzene 
appears in fine crystals ; fusing-point 137° (Weger), 

According to Weger, this hydrocarbon is very difficult to, 
isolate from the coal-tar distillates, so that it is more expensive 
than the synthetically produced substance. 

Cumenes, QHjj. 

Schultz, Perl, and Szek^ly {Berl. Ber., 1909, p. 3616) have 
proved the presence of both cumene proper (isopropylbenzene) 
and of nonnal propylbenzene in solvent naphtha. 

Etkyltoluenes, C^Hj^. 

i ^ 

Schultz and Perl {ibid.) have found all ♦hree ethyltoluenes 
(0, >/), and p) in solvent naphtha. 

Cymene {Propylwuthylbinzene), 

has been foun^ in coal-tar by Berthelo^ ^Boils at 180°., 
Qf^also Rom'mier {fahresi,, 1873, p, 368), 

Petramethylbenzen^, (^Hj(CHj,)4. 

K. E. Schulje * found the i, 2,4, 5 dt{rene in the fraction of .i 
taf-oil boiling between, 180° and 200“, aftet.removing the ba^J 
and phenols. ^White scalej, with a faint fluoresceftce, smellihg^l' 

Compits rend., cxvii., p. 115. ‘ Ibid,, cl., p. 1218. 

‘ Ber., 1885, pi 3032. ‘ 
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sftnilar to pseudocumene; fusing-point 8o' to 8i°; ioils ; 

,sublimes with much more difficulty than naphyalene. Most 
probably other isomers are present in this oiT,^ich occurs in 
coal-tar in nearly the same proportion as benzene; the isomer i, 
2, 3, 5 even in larger quantity^than durene, but the i, 2, 3, 
4 tetraraethyjbenzene wat not found. 

He also obtained from 15 to 20 per cent, of the.se in the 
neutral fraction boiling between 170° and 210”.* 

Naphthenes 

have been proved to occur in coal-tar by Kraeracr and Spilker,’' 
and in lignite by Hcusler.® NononapUthene, C^Hjj.Jjas been 
found by Ahrens and Modzenski {Z. angcw. Chem., 1908, p. 
1411) in wa 9 tb oil from the manufacture of nitroxylene, and 
must have existed originally in the coal-tar. 

• Styrolcne, C8H3=(C5H5.CH = CH2). 

Syn. cinnamene, vinylbenzene. Usually obtained from 
storax or Peru balsam; synthetically by Kcr|helot^ by con¬ 
densation of acetylene at the temperature of softening glass, or 
better, by passing a mixture of beniene and ethylene through 
red-hot, and even tetter, through white-hot tubes, thjis ; 

It is also obtained from a-et)jyiphjnylmercaptane disulphide 
iquite smoothly, together witii a little ethylbenzene and 
diphenylthjpphene: , 

>CH.S-S.CH<* =2(C(.H5 CH^CH.,)-(-S-(-H.^S. 

CH^ ^CH, 

Thes^ aryl. siSiilar reactions e:jplair>^ tHt occurrence of 
styrolene in coal-.tar,» ii» which, however, jt occurs only’iij 
insignificant qualities.^ ... - • 

It is a colourless tAobile oil,'*wi}h a strong aromatic smell, 
^reminding one of benzene and naphthalene. It does not 

♦ * • ^ * 

> i88i p. 410. » Hid., 1887, p. 595. ’ Hid., I?J5, p. 488. 

‘ CompUs rend., Ixiii., pp. 4ji, 518, 792>^34 ! Ixviii., p.^27. 

f Berthelot, Z. fur Chemie, i866, 736 j Kraemer and Spilk47, fferl, 
• tSgo, pp. 3it9, 3269; 
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> soiiaiiy at -vzo”, boils at 145°, but volatilizes at ordinary, 
temperature, sp t^at i}. does not leave a grease-spot on paper.,, 
Sp.gr.at i5° = i!^7(Weger). Its solubilities are quite analogous 
to those of benzene. Caustic potash h^s no action upon it; 
fuming sulphuric acid converts,it into a sulphonic acid, ordinary 
sulphuric acid only into a solid polyrfier, which, cwi distillation, 
is partly reconverted into styrolene. Chlorine and bromine unite 
directly with it. Fuming nitric acid dissojves it, forming a 
nitro-C9mpound. At a red heat it splits up into benzene and 
acetylene, 

CjHg^CjHe + CjH.,, 

or, if mi^cd with hydragen, into benzene and ethylene, 

CgH„ + H2 = C„H„ + C3H,,; , .y. 

that is, the reaction is the inverse of that which took place in 
its formation. Heated with ethylene it yields benzene and 
naphthalene; heated with benzene, naphthalene aad anthra¬ 
cene. It probably plays an important part in the formation of 
these higher hydrocarbons, and, for that very reason, does not 
occur in large’quantities in coal-tar. The investigations of 
Kronstein (Z>V., 1902, pp. 4,150, 4153) on the polymerization of 
styrolene point in the same direction. According to Kdnigs 
{Ber., 1896, p. 3147), it also condenses easily with phenols. 
A very complete investigation on styrolene has been made by 
Klages {Ber., 1902, pp. 2245, 2633). 

In the presence of sulfrhuri? acid, styrolene forms molecular 
compounds with toluene, xylene, cumene, etc, which can be 
distilled without decpmposing. On overheating thbir vapours, 
methane and hydrogen are split off, and anthracene or its homo- 
logues are formed ^Kraemer and Spilker). 

*Indene, CgH, , 

• Discovered by Kraemer and Spilkq,r {^er., 1890, p. 3276) in 
the fraction ofcrude benzol Koililtg at i76'‘^o 182°, which contains 
about 2(j per cent, of it. In order to obtain it, as much picric 
acid is dissolved at a higher temperature ift that .fractiqn as is 
requiret! for .combitiing ‘•with the,^ unsaturated compounds 
(previcmsly ascertained by titration), and the solution is allowep 
to cool down. The picrate crystallizing out easily contains a' 
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little cumarone, but in any case all the naphth/lene present,, 
since its picrate is the least soluble one. Tb^ picrates are 
decomposed by a strong current of steanf, Jireventing any 
superheating, and the solution of the distillate in toluol is 
repaatedly combineci with picric acid. At last the pure 
hydrocarbon^ is split offiby steam. The yield is very satis¬ 
factory ; from lo kg. of the above-mentioned fraction 3 kg. of 
the ifew hydrocarbon are obtained in a crude state, leaving 
2 kg. after purification. 

According to the German patents No. 205405 and 209694 of 
the Duisburg Gesellschaft fiir Teerverwertung, indene can be 
obtained synthetically by the same process as will be described 
lower down for fiuorene. • 

Indene ia^a colourless liquid, boiling at 182°. On standing, 
it takes a yellowish-green colour, which vanishes in the light. 
Weyer, when examining a purified substance, found the sp. gr. 
= i-oo8. Spilker and Dombrowsky ( 5 ^r., 1909, p. 573) found 
the boiling-point of really pure indene = 182°-2 to i82°-4 at 761 
mm. pressure; sp. gr. i’0002; solidifying point= —2°. Its 
structural formula proves it to be a link between benzene and 
naphthalene; 

CH • 

• HCj«^\c—CH, 

CH' 

HC 


Perhaps other formulae or isomers must be assumed, as poiftted 
out by W._ H. Perkin,‘ji^n., and Revay (BerJ.. p. 2f5i), 

viz., 4 :hat possessing the forpiula :* 



which would show tlj^same chemical behaviour? Dennstedt 
and Ahrens {J.bid„ isgs, p. 1331)) on account of the great 
similarity t)f indene tof styrolene, consider it possibly that j^s 
constitution if: * * * 


/CH={?H, 


C5H4! 


CH, 
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Sct^ultz (^f. at.) takes the formula of indene-potassium 
to be : 


c„h/ >CH. 
^ch.k/ 


According to Kraemer and Spilker (/oc. cit), itfdene is the 
cause of certain colorations produced in the treatment of 
various coal-tar products, e.g., of impure naphthalene with 
concentrated sulphuric acid, and the red colour produced in 
phenol by sunlight. 

Dennstedt and Ahrens {Berl. Ber., 1894, p, 601) found 
indene imthe condensaffon product obtained from illuminating 
gas by cooling down to —20°. ^ 

Indene is easily reduced by nascent hydrogen in its solution 
in ethylic alcohol, the double binding being split by the entrance 
of two hydrogen atoms: 

■ CjH.f >CH -(- H., = QH/ >CH2 (hydrindene). 

■ \CH/ 


Hydrindene, 

the formation of which has just been mentioned, has been 
likewise found in coal-tar b^ Kraemer and Spilker [Ber., 
1896^ p. 561). * . 

Special investigations on indene and hydrindene have 
beei? made by J. •Thiele iJBer., 19QO,’ p. 771), Aloschner 
{ibid., 1900, p. 757), and Weger and Billmann {Ber., 1^03, 
p. 640). 

Hydrind^e is contained in the heavy c(Jlartar oils, and can 
be* isolated therefroib. According to ^gsehner," 2*5 per cent, of 
it 'are'contaii^ed in the cumene fraction. It’is, however, more 
easily obtained from the beavy benz8tj*mf« (Kraemer and 
Spilker, Ber.,, xxxiii., p. 2257) i’F action of high : 
temperatures. . 

It hcils aj 176° to sp. gr. 0-957 1*5^ By i, 

concentrated sulphuric acid it iS^ not polymeriseei. but ■ 
sulphofiated. 
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Methylindenes and Dimethylindenesi 

Methylindenes, and Dimefiiyknesj CuHu, have 

been found by Boes [Chltn. Zentr., 1902, i., 81 ij, in the fraction 
of coal-tar boiling at *220° to 230°. If all six possible dimethyl- 
indenes occur in coal-tar»the 4,fe and $, 7 isomer must occur in 
the greatest proportion. {Cf, also Ber., 1902,p. 1762 ; and Chem. 
Zentr., 1902, ii,, 55.) 

• 

Naphthalene, 

Discovered by Garden in 1826; first studied in detail by 
Laurent. It is formed in innumerable cases by the action of 
heat on organic substances, but only at rather high*tempera- 
tures; so thjit tar obtained at a comparatively low heat does 
not contain it at all. In gas-tar it always occurs, but in greatly 
varying quantities, very much more abundantly since the cast- 
iron retorts have been replaced by fireclay retorts worked at 
much higher temperatures. The statement of Calvert [Comptes 
rend, xlix., p. 262), that Newcastle tar contains 58 per cent, of 
naphthalene, is absurd on the face of it; ordijiarily tar seldom 
contains more than from 5 to 10 per cent. The mode of its 
formation has been explained on p.*226. 

Weger (Z. angew. Chem., 1909, p. 338) has oljperved the 
formation of naphthalene on passing cyclqpentadiene or dicyclo- 
pentadiene through a tube kept at a low red heat, hydrogen 
splitting off; 2 CjHe=C2oH8+2 Pj, together with a little benzene 
and anthracene. This reaction is interesting with respect of 
the theory gf the formation of tar, since it shows the transition 
from a rir>g of five carbren atoms to aromatic compounds by the 
influence of heat. 

Naphthalene in the pure state form# wliite crystalline 
masses or thin rnombo.’dal scales; on spontaneous evaporation 
jf an ethereal solution U appears in monoclinip prisms (Laurei^ 

It fuses at 79°;’solidifying-pojpt = 79°-6 to 7e°-8 (Wege*!* 
Z, angew. Chem., 341)^ tlie statements respecting its 

X)iling-pq}nt vary between 212° and 220°; but 2 i 8° seems to be 
•orrect.^ Sp. gr. at 15°.= i -1517,at 18° = m^o 8, at 79°.2 =4)-9778,^t 
too” = 0’9628l[compared with water at 0”). _ MeltejJ naphthalene, 
tccordlhg to Vohl,' absort)s a large quantity of air, wJjiclj is i 
' /. prakt. Chem,, cii., p. 29. 
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•givenag^n on cooling; it is said to be much richer in 
oxygen than Vatmospheric air. Naphthalene volatilizes far 
below its boili^-point, and distils both with aqueous vapour 
and with that of light tar-oils; hence it always appears with 
the latter in crude tar-oils, {n an ammoniacal atmosphere 
it volatilizes more easily than’in afr,'hydrogen, ejc.* Even at 
ordinary temperatures it volatilizes slowly and gives off a 
penetrating tarry smell, which clings a long time to clothes, etc., 
and is said to keep off moths and other vermin. Ballo ^ asserts 
that this smell is not that of pure naphthalene, but of leucoline 
oil; however, the purest obtainable naphthalene exhales it 
quite strongly. Justin,,Mueller, according to C/tem. Zeit., 1905, 
p. 221, in that year communicated to the Soci^td industrielle 
de Rouen the startling news that naphthalene, wh«n spread in 
thin layers on glass or .stone plates, volatilizes at ordinary 
temperatures! Its taste is pungent. Edlefoen {Ckem. Zentr., 
■ 1905, ii,, p. 341) describes the action of naphthalene on the 
human organism when taken in small quantities. ‘ It burns 
with a strongly smoking flame, but its vapour mixed in small 
quantity with gas considerably enhances the illuminating 
power of the latter. The heat of combustion of i g. naph¬ 
thalene is 96,356 to 96,683* calories (Fries, Chem. Zentr., 1907, 
i.,p. Sio). , • 

It is insoluble in cold ® but slightly soluble in hot water; so 
that the latter turns milky on cooling. It is easily soluble in 
alcohol, ether, fetty and espential oils, and acetic,acid, very much 
so in phenols, but less easily in the indiffertnt lar-oils. When 
melted, it dissolves phosphorus, sulphur^ indiao, *ind several 
metallic sulphides, which crystallize on^cooling., According to 
Bechi,* 100 parts of absolute alcohd at 15° dissolve S'29 parts, 
at the boiling-p'oint any quantity; 100 parts o^toluen^at i6°-5, 
31-94 parts, at ito" any quantity. The quantitative estimation 
- ofj aphthalene in coal-gas and in othe» cases will be described 
in Chapter IX. . ^ 

According to J. F. SmiJh Soc. ^Sem. Ind., i'goz, p. 1225) 

* * TieftJ'mck, Ben, 187^ p. 1466. 

^ Dingl.pol}it. /., ccii., p. 3^. 

^ Lupton {cXem. NeH/s, xxxiii., p. 90} dcftbts this, but does no^ adduce 
any'poStive proof to the contrary. 

* Bert. Ber., 1879, p. 1928. 
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napntnaiene ai I5°-S is dissolved by loo parts of vArious *61vent4 
in the following proportions:— 


Benzene (pure) . . . 

45-8p parts 

Toluene ....... 

32-00 

)) 

Xylene . . . .^ . 

31-50 

it 

Cumene . . • . . . . 

30-10 

it 

Commercial 90 per cent, benzol 

43-20 

jj 

Solvent naphtha...... 

31-72 

r> 

50 benzene+5(ito!uene . . . . . 

39 - 8 q 


30 ,, +70 . . 

37-20 

» 

50 per cent, commercial benzol 

31-80 

11 

Carburine, sp. gr. 0-672 ..... 
Creosote oil, sp. gr. 1-03 (containing 8 per cent. 

16-90 

it 

phenols) . . . . •* . 

Scotch blast-furnace oil, sp. gr. 0-985 (containing 31 

9165 

i ) 

per c8nt. phenols) ..... 

17-64 

it 

Heavy tar-oil . . . ^ . . 

8-90 

if 


Alkalis do not act very much upon naphthalene, but alkaline 
liquors dissolve a little of it. Concentrated sulphuric acid, on 
heating, converts it into sulphonic acids; below 70° principally 
into the a, at 160° almost entirely into the modification. 
This behaviour is very important, because Ae corresponding 
naphthols can only be made fron^ the proper sulphonic acids. 
Chlorine yields bpth addition and substitution products; nitric 
acid, nitronaphthalene. * 

According to Fritzsche, naphthalene forms with picric acid 
the compound, Ci„H8+CoH3(NOj)gO, crystallismg from ether 
in golden yellovv.needles or ‘mondclinic prisms, fusing-point 
149°, which are only with difficulty dissolved by boiling water. 
It ‘ 


it is generally aJfeumed to consist of two benzeije nuclei, attached 
to each’othef by two carJ)on atoms. 

Napiphalene (Uhydride, CigHi,,. 

Discqyered by Bejthelot * as a product of the action of con¬ 
centrated hydriodioacid on naphthalen*; occurs alsoSn coal-tar. 

' Ann, Cktm. Pkarm., &cxxvii.| p, 246 .** 

“ Z. fiir Cfiemie, [2], iv., p. 114. 

I ^ Bull. Soc, dkim., 1868, ix., p. 287. 


forms fiouble compounds also with other nitro*compoun(lls. 
•The constitution of naphthalene has been elucidated chiefly by 
: researches of Laurent, later on by Erlenmeyer ’ and Graebe * • 
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•A viscid fluife, with a strong, disagreeable smell, boiling at 
200° to 210°, is powerfully acted upon by bromine, and dissolves 
in cold fuming\nftric acid. It has been studied in detail by 
Bamberger and Lodter.' ^ 

Naphthalene tetrahydriie, CijHfj, ^ 
occurs in small quantity together with the dihydride; it 
boils at ,190°. Its other properties are simily to those of the 
latter body. '&ots {Chem. Zentr., 1902, ii., ing) found that it 
absorbs oxygen very easily. He believes it to be identical with 
a hydrocarbon found by Graebe and Guye {Ber., 1883, xvi., 
3028), which absorbs oxj'gen from atmospheric air. 

Kraemer and Spilker {Berl. Ber., 1896, p. 561) isolated this 
compound from coal-tar. 

Bamberger and Botdt {ibid., 1889, p. 631) obtained 
^ naphthalene tetrahydride synthetically by the action of a 
boiling solution of cupric sulphate on tetrahydrpnaphthyl 
■ hydrazin, as a water-white, fluid oil, intensely smelling of 
naphthalene, boiling at 208° under a pressure of 708 mm. 

Kraemer and Bottcher {ibid., 1887, p. 603) consider these 
substances, found by Berthelot in coal-tar, and by themselves 
also in petroleum, and to which in any case also belong the 
substances 4 bund by Markownikoff {supra, p. 222) in petroleum, 
of the formulae CnHi^, CnHu, CijH,!, ttc., not to be naphtha¬ 
lene hydrides, but give them the formulae: 

\ / \ / etc. 

CjH,. 

• 

In accordance with their annular formulae they do 'not 
add bromine, b'ut t)wing to the presence of gcetyleni groups 
they yield sulpttonie acids. It is an argument ^agaipst their 
- naphthalene iiydrides, that on isuperheating they do not 
pass over inte naphthalene. . 

f ■ 

■ Methylnapkthalenes, CyHi,,. 

* Reingtuber {A nnaltn, ccvL, p. 367) found these in that j)ortior 
pf coal-tar vfeich distils_<)etween 520° and 270* and ,whici 
rentains liquid at ordinary temperatures; but the two isomerir 

' Berl. Ber., 1891, p. 1887; ^1893, p. i8j« 
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f 

methylnaphthalenes were only separated by E. •Schulza 
{Ber., 1884, P- 842). They are miscible jn all proportions with 
absolute alcohol, ether, ^enzene, carbon disulphide, and glacial 
acetic acid. Oxidizii^ agents act briskly upon them, and destroy 
them with evolution of carbon jdioxide. The two isomers can 
be separated by means flf their sulphonic acids. 

Wendt {Ber., 1892, p. 857) separated the two isomers by 
partial fusion 0/ the frozen mixture. But Wichelhaus {ibid.^ 
i 89 i> P- 3918) objects to this, because the diphenyl, always 
present, is not removed in this way. The pure hydrocarbons 
can be only obtained after converting them into picric-acid 
compounds. , 

a Methylnaphthalene is a colourless oil of aromatic smell, 
with strong* refraction and with fluorescence. It solidifies at 
-22°, and boils at 240° to 243°; sp..gr. 1-005 at I9°- 

^ Methylnaphthalene crystallizes in scales somewhat like 
naphthalene, of rather pungent smell and burning taste; it 
melts at 32°-5, and boils at 241° to 242° (Weger). 

Both methylnaphthalenes form with two molecules sulphuric 
acid at ordinary temperatures two isomeric msnosulphonic acids 
which can be separated by means of the differing solubilities of 
their barium and lead salts. 

The ordinary*“creo.sote oil” of trade, which distils mainly 
between 200° and .300°, contains about 6 per cent, of these 
methylnaphthalenes, rather more of the B than of the a 
modification. 

Dimethylnaphtkalene, CjjHjg. 

Emmert and Reiiigruberi found a substanCe of this'com- 
position, boiling at 262" ta 264°, in coal-tar. There are evidently 
several# isomeric bodies of this formula,» but so far it has 
not been founc^ {Jhacticable to separate ^hem. 

Tammann "(Ger. Q. ,95597; Z. dngenP. Cheni., 1898, p.*46) 
has prepared som'e new di-, tri-, and tetramethylnaphtfiSlenes* 
from petroleum and*|fiale-oiL 

Rhenylnaphthalenes, CieHjg. 

Most probably these,occur in «oal-tar, but,fchey Hkve been 
only synthetically obtained by Moehlau and Berger {Bej-l,^er., 

“ ArmaUn, ccxi., p. 65. 
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,1893, V 119^) and Zincke and Breuer {ibid., 1878, p. 1403). 
The a compound is a,liquid boiling at 324°, the ^ compound 
fuses at 101° to ;oS°. 


Acenapklhene, GijidiQ, 


according to Weger, occurs in that portion of coal-tar lyBich 
boils at 270° to 300°, especially between 28p° and 290°, and 
crystallizes on cooling. By recrystallizing from light tar-oil or 
alcohol, or cautious subliming, it is obtained in the pure state.^ 
It fuses at 95° and boils at 278°. Crystallized from alcohol, it 
forms lon^, colourless, shining needles; from heavy tar-oils it 
separates in hard, brittle crystals. Its smell resembles that of 
naphthalene. It is little soluble in cold, easily in boiling alcohol. 
Bromine 'acts readily upon it; concentrated sulphuric acid dis¬ 
solves it, forming a sulphonic acid, all the salts of whicji are 
easily soluble; concentrated nitric acid forms anitro-cpmpound. 
Its constitution is— 


r H / 

'-10 


CH, 

I ■ 

CH, 


AcenapHthene, in the shape of quinone, is i;ecently employed 
for the preparation of remarkably solid ‘‘ vat-dyes.” On being 
heated with sulphuric acid, it yields trinaphthylenbenzene 
(Rehlander, Ber., xxxvi., p. 1583; Dzwinowsky and Bachmann, 
ibid., pp. 962 and 3768), which probably occprs in coal-tar; on 
bein^ treated with plumbic oxide it yields acenaphthylene, which 
like^tise probably occurs in coal-tar (Weger). 


' C 

^cenaphthene hydride, 

,is Stated by Bertl)e‘lot to occur together with the precediiig 
cempound in v>al-tar. It boils at 260°, A tetrahydride, 
has been obtained by Bamberger and Cidter synthetically as 
a colourless sy»up, boiling at {Seri. Ber., xx.,,.p. 3073). 
A’perhydfridc, QjHjd, has been obtained hy Liebermann and 
Spiegel \Ber., ^889, p./79) »s a colouriess liquid, bonding at -233° 
to 2^6°. 

' Berthelot, Atm. Ckim, P^ys. M, xii., p. 226 
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Diphenyl, Ci^Hk,, 

Discovered in 1862 by Fittig.* It ocjcurs in that fraction of 
coal-tar which boils at fjom 220° to 270°; ^ this has bqen con¬ 
firmed by K. E. Scl^ulze {Eer., 1885, p. 1203), who considers it 
also probable that higher horoologues (methyldiphenyl) occur 
there as wall. It fuses*af 70°-S, and boils at 254°. It readily 
dissplves in alcohol and ether, and crystallizes in large colour¬ 
less scales. Brqjnine, sulphuric acid, and nitric acid act upon it, 
and form corresponding derivatives. Its rational formula is 

CcH, 

CcH, 

Diphenyl hydrides have been prepared by Bamberger and 
Lodter {Ber., xx., p. 3077). 



Fluorene, 

Syn. 'diphenylene-methane. Prepared by Berthelot {Comptes 
rend., Ixv., p. 465) from coal-tar, synthetically by Graebe, Fittig, 
and others in various ways; specially exanjined by Barbier 
{ibid., Ixxvii., p. 442 ; Ixxix., p. 1131)- It is obtained from the 
fraction of coal-tar boiling betweeft 290° and 350°, after naphtha¬ 
lene and anthraftne have been separated by fract^pnal distilla¬ 
tion; the portion distilling between 295° and 310° is purified 
by repeated recrystallization from alcohol. It forms colourless 
scaly crystals with a violet fljioresfence, little* soluble in cold, 
easily in hot alcohol, also in ether, benzene, and carbon .bisul- 
’ phide. P'uses at ij6° (Weger), boils at 295°^ but vol^ilizes * 
with aqileous vapour* Bromine and nitfic acid yield derivatives 
with it. The rational formula is 


CeH, 


% 


H / 


>CH,^ 


Weissgerber {Ber..^ 1901, p. 1659) showed that fluorene has a 
slightly acid charaAer.* When Yused with caustic potash at 
270“ to «290° C., it forms a compound of the' formula 


C,H 


CHK, 


c,h/ 

' Ann, Chetn. flharm., cxxi.,p. 361. * Fittig and Buchner, Ber., 1875, P- 22* 
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and this mVans it can be obtained in the pure state from the 
high-boiling fractions c^f coal-tar, as the melt thus formed can be 
mechanically separated from the non-attacked hydrocarbons, 
and on being treated with water, is split up into KOH and 
regenerated fluorene. 

The Gesellschaft fiir TeerverwerftiAg in Duisbyrg (Ger. Ps. 
203312 and 209432) obtains fluorene from mixtures with other 
substances by transforming it into an alkaline compound which 
can be separated from unchanged hydrocatbons. This is done 
by a treatment with sodium, preferably in the presence of 
a small quantity of organic bases, like aniline, benzylamine, or 
pyridine, and their hom^logues, which seem to act as contact 
substances. 

Indene {cf. p. 241) is obtained in a similar mannsr, according 
to Ger. Ps. 205465 and 209,694 of the same firm. 

There is a series of isomers of this formula' which are prob¬ 
ably partly contained in coal-tar; also a perhydride (Liebermann 
and Spiegel, supra). Cf. also the investigations of J. Thiele 
[Ber., 1900, p. 851), and Stoermer and Boes {ibid., 1900, p. 313). 

Fluorene fornjs a natural series with cyclopentadiene and 
indene! 

C,H,-C,H,. 

\ / \ / \ / 

• CHj CHj CHj 

y-Diphenylene metffane possibly also occurs in coal-tar 
(Hodgkinson arid Mathewsj/. Soc. Chem. Ind., 1883, i., p. 163) 
Leaflets with a mother-of-pearl shine, or ’prismatic needles, 
fusing at 118°, boiling at 295°. . • 

The hydrides offluorene have not yet treen found in coal-far. 
They have been described by Guye'{. 5 «//. Soc. Chitn. [3], iv., 
p. 266); Liebermanh and Spiegel {BerL Ber.^x\,\{., p. ’j'flf). 

Anthracene, 

Discovered by Dumas and Laurent inP‘1832, and described 
as paranaphthakne; more especially examined in ,1857 by 
Frftzsche, who was the«first to find it in ooal-tar.* This was* 
confirraeS by,Anderson’s • extended^ investigation in' 1862, 

* • "'jr 

'Camelley,/. ChemcSoc., Nov,'i880, g, 701 j Lun^ and Steinkauler* 
Ber., 1880, p. 1656. * /. pra^i. Chem., bacui., p. 286. , ' ' 
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Anderson also established the correct formula df anth^acene^ 
Synthetically it was first prepared by Limpricht^ in 1866, from 
benzylic chloride, in the same year by Berthelbt, pyrogenetically, 
from simpler hydrocarbons. The most important epoch in its 
history was marked ty Graebe^and Liebermann’s discovery, in 
1868, that i^ is formed f»om alizarin by the reducing action of 
zinc dust, and that alizarin can be synthesized from it.^ The 
same chemists established the structural formula of anthracene, 
but first gave it that now generally ascribed to phenanthrene. 
Anthracene is now universally represented thus : 


/CH\ 


i.e., two benzene nuclei, connected by two carbon atoms which 
are united with each other by another bond. It is also now 
ascertained that both bonds are in the ortho-position towards 
the benzene nuclei. 

Anthracene is formed in many cases when organic substances 
are subjected to high temperatures, not merely in the destructive 
distillation of coal, but also when passing the vapours of 
petroleum, browncoal-tar, wood-ta% benzene, spirits oAurpentine, 
etc., through redjiot tubes. 

The mode of its formation from other hydfocarbons is 
illustrated by the following equations, which may serve as 
examples:— 

2 C7 H^=CiJH,q + 6 H, 

Toluene. 

Ntphthalene+Acetflenai 

etc., etc! 

It l^as been'synthetically obtained frop toluene-styrene by 
Kraemer and Spilkeu 1890, p*p. 31^9 and 3269); other 
syntheses are those by Behr and Van Dorp—1874,’pp. jyS 
and 753; 1875, p. i^J; Berkin^nd Hodgkinson (/. Cheni. Soc.^ 
xxxvii.,,p. 526); Pfiternb and Fileti ( 5 «z., .1874, p. 1202) j 
• Jackson and Whita {Amer. Chem.J., ii.. p. 283); Ai^schutz «nd 
"Eltzbacher^^^r-., 1883, p. 623); anU Delaire {ibi 4 ., 1895, Ref. p. 

748)/ ^ ^ , 

* Ann. Chem. cxxxix., p. 308. Ber., 1868, p. 49. 
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Its formafion from other hydrocarbons can be represented^ 
by the following equat^'ons:— 

+ CgHg=4H. 

Benzeiie+Styrolene. ^ 

2xC,H8:^CmHi„+6H, 

Tolaeae. *• • 

CioH8+2C5H2 = C„H|„ + 2H. 

NaplilhiUene+Acetybiie. 


Note the natural series 

/CH^ 




Benzene, CoHj/ | ; Naphthalene, Cgll / I /CgHj; 

\ch/ ■ \ch/ 

CH. 


/V.n.\ 

Anthracene, C,,H^r I 

\ch/ 


Kohler* found 35 per cent, anthracene in a product accident¬ 
ally formed by a violent reaction on overheating the higher¬ 
boiling fractions of crude carbolic acid, although that product 
had been obtained from “ light oil,” and could hardly contain 
substances which,would yield anthracene by a mere splitting-off 
of the elements of water. He regarded this as a confirmation 
of K. E. Schulze’s theory of fhe formation of the hydrocarbons 
of tar from phenols, and also of the statement? that the anthra¬ 
cene of coal-tar is for the most part formed during the process 
of distillation itself; but this view cannot be maintained in face 
of the smooth synthesis frgm tqluene-styrene by Kraemer and 
Spilljer. Kraemer (priv. comm.) states that the above observa¬ 
tion pannot be correct; by overheating phenol me»e traces of 
anthracene are formed. Zmerzlikar (.?. angew, Ch?m,, 1^95, 
p. 468) denies the possibility of the fotmation of anthracene by 
the overheating bf phenols. 

Anthracene ITas also ^been found in that pequlian greasy 
suUst^ce called “stupp,” which is fornJed in ^he distillation of 
mercury fronuits ores (G. Goldschmidt and^M. von Schmidt). 

Its’preparation from the highest-bliling constituents of 
coal-tar, and the analysis of crude anthrasene, will bewninutely 
described ?n a separate chapter later on (Chapter VII.). ' The 
preparation ot chemically • pure anthracene (which is not, a 
■conuitfircial article) is not easy, unless crude anthracene- 
‘ Ber^ iSij, p.* 85 ^ 
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distilled over caustic potash can be employed. Fromjtiis, by 
one washing with carbon disulphide and several recrystalliza-* 
tions from petroleum spirit, pyridine or Benzene, beautiful white 
scales with blue fluorescence are obtained, which it is very 
difficult to obtain ffom ordinary crude anthracene. This is 
, best accomplished afterjsublimmg this at the lowest possible 
temperature and washing with ether to remove yellow colouring- , 
matters; or it is dissolved in benzene and bleached by sunlight, 
in which case 3 little paranthracene is always formed. The 
safest way to obtain chemically pure anthracene is to reduce its 
derivatives by zinc-dust.^ 

Pure anthracene forms shining white scales (clinorhombic 
prisms) with purple fluorescence. It Tuses at 210° fFritzsche, 
Berthelot), Qr 213° (Graebe and Liebermann), or 2i6°'j (Reissert, 
Ber,, 1890, p. 224s), and sublimes at about the same temperature, 
with a pungent smell, yielding small,'mica-like scales. At about 
360° (certainly above phenanthrene) it boils and yields a 
yellowislf-white crystalline distillate; a portion, however, is 
always decomposed. In the cathode-light vacuum it sublimes ' 
already at 103° to 104° (Krafft and Weylandt, Ber., 1896, p. 2240). 

Pure anthracene is insoluble in water, little soluble in 
alcohol, more so in ether, benzenef and essential oils, as well as 
in boiling alcohal, and especially in light tar-oils. According 
to Gessert,*® 100 parts of * 

Alcohol, cold . dissolve o -6 of anthracene 
Benzene . . „ 0^9 „ 

Carbon disulphide • „ » 17 „• 


According to Versmann,^ at 15° 100 parts of 

• • 

Alcohol, sp. fr. o-8oo, dissolve O'jgi of antWacene 


« » 

0-825, 

• 

>» 

0-574 


n 5» 

0-830, 

M 

0-491 

» 


0-835, 

»> 

0-475 • 

• • 

n ft 

0-840, 

» 

0-460 

# ft 

• • 

0-850, 

Jt 

•0-423* 

« 

ft 

Ether . • 

Chloroform 

# 

fi 

if 

I-I 75 

1-736 

ft 

f^ 

Carbon disj^phide . 
Glacial acetic alid . 

tf 

1-478 

0-444 

ft 

tt 

Benzene « 

, , 

ft 

1-668 

* tt 

Petroleuji. 

; 

ii 

o -,^94 

it 


* Auerbach, Das Anthra^n, and ed., 12. , 

* Vingl.polyt, /., cxcvi., p. 543. , 

; ® Chem. Nevis, xxx., p. 204. 'His anthracene probably was not quite pure. 
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AccoAijng to‘Bechi,' lOO parts of 

Abs. alcohol at l6° dissolve 0076; when boiling, 0’83 anthracene. 

Toluene „ iS°-5 „ 0’9J; at looj, 12-94 

Its solution in benzene, when exposed to sunlight, soor 
deposits crystals of paranthralene \ylych resist the action of 
solvents and concentrated acids and fuse at 244*, being re¬ 
converted into anthracene. Ordinary sulphuric acid* on 
gentle heating dissolves anthracene and accfrires a greenish 
colour; at a higher temperature sulphonic acids are formed. 
Fuming sulphuric acid acts violently upon it. Oxidizing 
agents convert it into anthraquinone; reducing agents into 
hydrocarlqpns richer id* hydrogen; nitric acid into nitro^ 
compounds. Dissolved in benzene, together with picric acid, it 
yields ruby-coloured crystals, fusing at 170' and decomposed 
by alcohol. With dinitrcftinthraquinone (Fritzsche’s reagent) 
it gives shining, rhomboidal, purple plates; if it is not quite 
pure, the plates are blue; if too impure, the reaction fails 
altogether.^ By the action of light it passes over into 
dianthracene, but this reaction is reversed by keeping the 
product in the dafk (Luther and Weigert, Client. Zentr., 1904, 
ii.,p. 117;* 1905, i.,p. 1152). » 

Its molecular heat of combustion at coiiftant pressure is 
= 1694-3 cal. (Stohmann, Kleber, and Langbein, /. prakt. 
Chem., xl,, pp, 128 and 202). 


Hydrides of Anthracene. • 

ej* L.enmaiin (Inaug. Diss., Miinchjrf, 1911) has found 
hydrides of anthracene and phfenanthrene in the liquid portion 
of anthracene oil^but was not able to prepare any of tjrem in 
the pure state. 

, Anthracene dihydride, Hjj. 

, Prepared by Graebe and, Ligbermjnni* occurs in coal-tar, 
crystallizes in C9lourless plates; similar to naphthalene; fuses 
at w6°, be|ins to sublinjp at the same temj^rature, and distils 

at 305° without decomposition. It volatilizes withhquePus or 

’• . * ». ... « 

’ Be^ r879, p. 1978. * Fritzsche, Z. fur Chemit [2], iii., p. 289. 

' .(Br;-, l85S, p?l8j. ‘ 
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alcoholic vapours. It has a peculiar smell, especially' at a 
higher teraperatura It is insoluble in water, easily soluble in ’ 
alcohol, ether, and benzene. In the solid ^state it shows no 
fluorescence; but its solutions have a blue fluorescence. It 
does not, like anthracene, yield a compound with picric acid. 

Anthracene nexahydride, Ujjhijj, 

occurs together vuth the preceding; fuses at 63°, and boils .at 
290°; its physical propertie*;, solubilities, etc., are quite similar 
to those of the dihydride. A tetrahydride, which was formerly 
assumed, does not exist. 

Anthracene perhydride, 

Obtained by Lucas {Ber., i88g, p. 2511) by reducing 
anthracene with red phosphorus and hydriodic acid at 250“. 
Colourless scales, melting at 88°, boiling at 270°. 

Paranthracene, 

does not occur as such in coal-tar, but is formed by the action 
of sunlight on solutions of anthracene, from two molecules of 
Ci4Hni(Elbs* and Orndorf and Cameron 2}. It melts at 272° 
to 274°, and is thereby converted into anthracene. 

Monomethylanthracen^ C,jlIj2=Ci4Hj!CH3. 

Discovered in 1874by Weiler,*and since then often examined; 
occurs inf oal-tar in s’lijall quantities.* Itjias been synthetically 
produced by Kraemer and Spilkw, by overheating the vapours 
from ?«jxylene-styrolene.* It crystallizes Ijfona.hot alcohol in 
thin, very bright, ‘light yellow scales; fuses .at 200° (Weiler, 
Fischer)" or 2b8‘ to 210° ^WachendorfPand &incke)‘; sublimes in 
greenish scales; Boils above 360°. Insoluble in waterlittle 
soluble in alcohol, ethftr, and glaciaj acetic acid; easily soluble 
in chloroform, carbon disulphide, and benzeije. Nitric and 
Sulphuric acids dissplve it slowly cold, ^ore quickly ijvhen hpt 

“ J.^rakt. CAem., xKv,, p.ppr. Anar. Chem. /., xjti., p. ^8. 

’ 1874, p. 1185. ■ ‘ Japp & Schultz, iWrf., 1877, a ^049. 

* AnnaUn, clxix., p, 207 
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• 

With*fjicnc acid it yields a compound similar to that obtained 
from anthracene. The formula given by Laurent for his 
paranaphthene”*vas'also C^Hu; but he could not have had 
a pure compound before him. 

/ somethylanthracette, •Cjj H jj, 

has been found by Bornstein {Ber., 1906, p. 1238) in a tar obtained 
from a non-bituminous Westphalian coal, wheji distilled at the 
low temperature of 500“ C. It melts at 202° to 204", can be 
sublimed when cautiously heated, yields a red picrate, and 
dissolves with violet-blue fluorescence in the ordinary organic 
solvents. ^ ^ 

Gross (/ Chem., 1910, Ixxxii., p. 231) obtained it as 
a by-product in the preparation • of tritolyl-methane from 
formaldehyde and toluene. 


Dimethylanthracene, 

was synthetically prepared by Van Dorp in 1872,1 but not 
directly proved ^o exist in coal-tar. This is, however, made 
most pro,J)able by Kraemer and Spilker’s synthesis from 
pseudocumenestyrolene, lilft its preceding homologue. It 
resembles the preceding, and fuses at 224°'to 225°. 

Lavaux {Comptes rend., 1904, p. 44) obtained by the action 
of methylene chloride on toluene in the presence of aluminium 
three different methylanthjacei^s, fusing at 240°, 244°, and 86° 
respectively. 

The methyjated anthracenes cause the alizarin prepared from 
such material to assume a yellow tint^ and thus tb lose in 
quality. . 

Phenanthrene, C„Hij. 

.This isom’er of anthracene was discovered sirtiuftanebusly by 
Graebe® and^by Fittig and Ostermeyer.* ft is found in the 
last fraction of the coal-tar oils, as a cjmstant companion of 
anthracene, and forms a large portion of the crude anthracene. 
It,is obt|ined from Die raw material'b,y a long*series of. 
crystallijations^from alcohol, in which it is much more soluble 

1 Ar/. Ber., 1890, pp. 3169 and 3269.*’ ' 

Ber., 1873, P- 861. ^Annaien, cxlvi,, p. 361. 
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than anthracene, and is also obtained in the factories dn the, 
purification of the latter; most easily from crude anthraquinone 
by extracting it with alcohol and recrystalliiation. It is best 
to remove phenols and acridine by treating the product with 
caustic-soda solution and sulphuric acid. Moreover, its lower 
boiling-point,can be utiliaed for a preliminary separation of it 
from anthracene; its much lower fusing-point facilitates its 
identffication. 

Phenanthrene,*when pure,crystallizes from alcohol in colour¬ 
less scales with a faint blue fluorescence. According to former 
statements, it fuses at 99° to 100°, and boils at about 320° to 
322° (Kraemer). Weger [Z. angew. 1909, p. 342) how¬ 

ever states the fusing-point=96°, the boiling-point = 346“ (corr.). 
It sublimes i<i scales less easily than anthracene. It dissolves 
at i3°-5 in -48 or 50 parts of alcohol,(readily when hot); also 
in ether, benzene, glacial acetic acid, and carbon disulphide. 
In alcoholic solution it yields with picric acid reddish-yellow 
needles, fusing at 143° to 145° and soluble in hot alcohol 
without decomposition. Nitric acid dissolves it, forming a 
nitro-compound; sulphuric acid at 100° forms ^ sulphonic acid. 
Bechi ijoc. cit.) gives its solubility as follows :—In 100 parts of 

Absoluteialcohol, at 16“ = 2-62, at 78°= io-8 parts. 

Toluene, * „ i3°-5 = 33-02, „ 100° in all proportions. 

The structural formula of phenanthrene is now generally 
assumed to be 

1 II 

i.e., ft is a derivative of diphenyl. , This is absolutely proved 
by the synthesis from benzene and cumarane* (Kraemer and 
Spilker), and froifi (!-phenyIorthodiazocinnami» act,d (Pschorr).* 
Its formation'from naphthalene has Been Studied by Raber;’, 
Jackson and White'^ obtained it from ortho-bromipated benzyb 
bromide. 

Graebe^( 5 «r., I904^p. 4145) has shown that it is formed by 
the action of strong heat on ethyl and methylflutrene, the 
penta-nucleuS thus passing over ip^o the hex^-aiucleiJs, with 

£er., 1896, p., 496. . Jd., J898, p. 1896. 

‘ Jdkresb, d, Cktuf., 1880, p. 462, and 1882, p. 732. 
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, loss of' hydrogen. A. Werner,'with some of his students, has 
made very valuable additions to the chemistry of phenanthrene 
cccxxi. and cccxxii.; Chein. Zentr., 1902, ii., 56, 281), 
and so have Pschorr and his students {Bcr., xxxv,, p, 2726; 
Chem. Zentr., 1902, ii., 642). 

It was formerly regarded as a v/orthless substance, only 
used for the manufacture of soot, but it seems now to take its 
rank among the valuable constituents of crude anthracene. It 
has been employed for the preparation of colouring matters, 
and its close relations to the opium alkaloids (morphine, 
codein, thebain) give the prospect of its employment for their 
synthetical preparation. It is obtained from crude anthracene, 
or preferably from the so-called “anthracene residues,” from 
which it is got by extracting them with benzol hydrocarbons, 
and is thus separated from the anthracene still present and from 
carbazol. About 3 per cent, of the latter, then, still remain in 
the crude phenanthrene; this impurity is removed by alkaline 
fusion in the shape of potassium carbazolate. Even by repeated - 
solutions, it is not possible to remove all the anthracene, but 
this can be achieved in other ways, ultimately obtaining a 
product containing less than 0-5 per cent, anthracene (Weger). 

The hydrides of pheriunthrene have been synthetically 
prepared, ()ut not yet found in coal-tar (Grsebe, Liebermann, 
and Spiegel, Bamberger, Lodter, and Bretan). The same holds 
good of the nicthylphenanthrene, prepare^ by Graebe. 

Pseudophenanthrene, Ca,H 

12 * 

fuses at 115°; discovered by Zeidler^ in thab portion of 
crude anthracene which is soluble in" acetic ether, together 
with 

' Synantkrene, CuH 10’ o ' 

fufing at 1^9° to igs".” Nothing atjcurate is'known'of these 
bodies. Synanthrene is probably identigal with methylan-,j 
thracene. . (*• 

Fluoranthene, 

' Syn. fdryl. Discovered in 1877 in coal-tar by Fittig and 
Gebharflt.’ If probably stands in the same relatira to fluorene 

’ Chem. Centr,, 1877, p. 566. 

“ Ber., 1878, p. 241 j Am&le^ cxcf, p. 295. 
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(CijHio) as phenanthrene (CijHu) to diphenjl It 

accompanies pyrene in the highest-boiling fractions of coal-tar, 
and can be separated from pyrene only by msmy crystallizations 
from alcohol, preferably tliose of its compound with picric acid. 
It crystallizes from ‘dilute alcohdl in broad, shining, large 
plates; frora^ a concentrated solution, in needles. It fuses at 
109°, and afterwards sublimes; it boils in a partial vacuum (at 
a pressure of 60 mm.) at 250°. It dissolves with difficulty in 
cold alcohol, reaTlily in ether, chloroform, t)enzene; carbon 
disulphide, glacial acetic acid, and boiling alcohdl; when 
dissolved in concentrated sulphuric acid by gently heating, it 
gives it a greenish-blue, at a higher temperature a blue, and 
ultimately a brown colour. With nitric acid it fields a 
trinitro-product; with picric acid in alcoholic solution, reddish- 
yellow needles fusing at 183°, and decomposed on boiling with 
water or addition of ammonia. - 

Goldschmidt {Monatsh., u, p. 225) prepared hydrofluoran- 
threnes, Q5H12 and CijHig. 

Fj>refte, CigHj,. 

Laurent, in 1837, found pyrene in coal-tar, but .probably 
obtained it only in a very impofe state. Graebe, in 187P, 
prepared it in tlft pure state.^ The fractions bojjing above 
anthracene (that is, distillates from tar pitch) are extracted with 
carbon disulphide, the filtrate is evaporated to dryness, the 
residue dissolved in alcohol, and^ precipitate is produced by an 
alcoholic solution ef picric acid, which is several timeSi» re¬ 
crystallized /rom alcohol, and then decomposed by ammqpia. 
The separated pyrene is recrystallized froifl alcohol. Colourless 
tables,, fusing at 148°, subliming with difficulty, and boiling 
considenubly above 360°. Little soluble in told'alcohol, easily 
in carbop disulpSiJe, ether, benzene, ^and Jiof alcohol. Bechi 
(loc. cit.) states its splubilily in lOO parts of * 

Absolute alcohfj, at i6°= 1-27, at 78 °“- 3 o 8 par^s. 

Toluene, „*i8“=iJ-54,’„ 100° very great. 

It yields a nitro-prcjduct. Its picrate fprms Ipng red needles 
fusing at 22*°, decomposed slowly hy boiling water, W once 
by all&lis. Graebe reg[krds it as ph'enylene-naphthalene, 

An§alin, clviiL, p. 28$. 
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C,(|H8(CgHJJ it may also be represented as a diphenyl 
derivative in which the two nuclei are once more connected by 
two CjHj groups.* 

CH—QH.—Cll 

1 li 1 

CH-QH3—CH 

Cf. also Bamberger and Philip {Annalen, ccxL, p. 147). 

• Chrysene, , 

Discovered in 1817 by Robiquet and Colin when distilling 
amber, in 1837 by Laurent in coal-tar; afterwards inve.stigated 
by many chemists. Chrysene is obtained in larger quantity 
only by ^istilling pitch down to coke, mixed with pyrene as a 
yellow tough mass, sometimes as a dry powder. On extracting 
this mass with carbon disulphide, chrysene remains behind, and 
is recrystallized from hot glacial acetic acid or heavy tar-oil. 
The latter and oil of turpentine are its best solvents; carbon 
disulphide in the cold dissolves only traces. Bechi states its 
solubility in 100 parts of 

Absolute alcohol, at i6°=o-097, at 78“=o-i7 part. 

Toluene; „ l8°=o-24, „ 100°=5'39 parts. 

Spilkdr [Ber., xxvi., p. 14J4) prepared it by overheating the 
vapours of indene; Kloz {ibicL, xxiii., p. 84) by overheating 
the vapoui*3 of certain high-boiling fractions of heavy benzol 
in red-hot tubes. 

Chrysene usually forms loose, shining, yellow scales (rhombo- 
hedra with straight end-fdce),'whose colour^ however, is caused 
by '‘a tenaciously adhering mixture of another substance 
(chfysogen); tn a perfectly pure state, ft is white.^ It fuses 
at 250°, sublimes similarly to* anthracene, boils at 436°, btit is 
at the same ti/ne^ partly decomposed. With picric* |cid and 
binitro-anthraqiynone it forms compounds. ' In concentrated 
sujphuric ac‘d it dissolves on beirl^ heated,* vfith *a purple 
colour; nitric acid yields liitro-products. h is a member of 
the series, increasing by C^H^j.to wljichf, benzene, naphthalene, 
phenanthrene, chrysene, and picene belong; probably it is 
C,H,—CH 

I I " 

. kfiiaebe and Bungener, Btr., 1879, p.,n378 j Bamberger and Kranzfeld, 
Hid., 1885, p 1931. ^ 
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The accuracy of this formula has been proved the, 
syntheses of Kraemer and Spilker (supra), and of Bamberger 
and Chattaway (Ber., 1893, p. 1745). • 

The hydrides of chrysene, investigated by Liebermann and 
Spiegel' probably occur also in coal-tar. They prepared the 
chrysene hydride Ci8H2^(an oil boiling at 360°), and chrysene 
perhydride, CjgHjj, white needles, fusing at 115°, boiling at 353°. 

* J 

Truxene, CjgHjj. 

This hydrocarbon, which has been prepared from hydrindene, 
from dichlorindene; from hydrocinnamic acid, etc., by various 
chemists (Hausmann, Ber,, xxiL, 2022 ; Webermann and Bergami, 
ibid., xxii,, 786; by Kipping, ibid., xxvi. [2], 607 ; Proc. Chem. 
Soc., Nos. A 2 and 117; J. Chem. Soc., Ixv., pp. 276 and 495 ; 
Monthey, Ber., xxxii., p. 2^76) has bsen found in coal-tar pitch 
by Weger and Billmann (Ber., xxxvi., 1903, p. 540). Kraemer 
(ibid., p. 6^5) considers it an important constituent of the pitch. 
Formula; 

CjH,—C—C—CH, 

I I I I 

CHj—C—C— 

# 

It appears in yellow or orange-red needles, melting at 365° 
to . 368° (Liebermann, Ber., xxvii., p. 2417). In* the purest 
state (obtained by distillation) it is colourless. Not soluble in 
all ordinary solvents; but a little in boiling xylene, chloroform, 
aniline, and nitrobenzene. Is IJut stowly acted ‘upon by fusing 
potash, more so by prolonged boiling with strongest nitric'^acid, 
nitrophtl^lfc acid and ijther products being formed. Treatment 
with the chromic acid mixture pfoduces tribenzoylene-benzol. 

Chrysogen. 

Discovered in iB62»hf Fritzsche® m coal-tar. It is tjje Shb-. 
stance whose intense orange colour, even int the smallest 
quantity, imparts its Snt* to other bodies, to chrysene. Its 
formula i&not yet established; it contains above 94 C per cent. 
It is isolated by repeated crystallization from light lar-oil ihd 
washlt^ witli ether and ^IcohoL U dissolves in 500‘parts of 
boiling or 2500 parts of cold benzene, 2000 of boiling or 19,000 
' Ber., 1889, p. 135. / * Z.fUr Chtmie [z], ii., p. 139. 
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« 

, of cold glac'ial acetic acid. ' It is best obtained by crystal¬ 
lization from boiling alcohol, in yellow scales, cohering like sal- 
arpmoniac; the thinnest scales are pink, with gold-green lustre. 
Even TTffVir imparts to naphthalene an intense yellow colour; ^ 
but its solutions are quickly Ijleached in the sun, star-shaped 
groups of colourless needles being fbrined. It fu^s at 280° to 
290", being partly decomposed; in concentrated sulphuric acid 

ft dissolves without change. 

* 

Retene, CigH,,. 

Discovered in 1837 by Fikentscher and Tromsdorff, in 
coal-tar ^y Kraus,i stildied especially by Fritzsche^ and by 
Bamberger and Hooker.* Shining, unctuous scales, devoid of 
smell and taste, fusing at 98° to 99°, solidifying again at 90° to 95° 
boiling at 350° without change, but volatilizing a little even at 
the ordinary temperature, strongly in the water-bath. Sinks 
down in cold water, but floats in hot alcohol, ether, fatty 
and essential oils. At a red heat it yields much anthracene. 
It has been proved by Bamberger and Hooker to be mcthyl- 
isopropyl-phenartthrene. It is most easily prepared by dis¬ 
tilling re&in-oil with sulphi^r (priv. comm, from J. Kraemer). 
Its dodecahydride has been prepared by ,L‘iebermann and 
Spiegel {stlpra). 

Several hydrides of retene (CijHjj, CigHj,,, CigHjj) are also 
known. 

'Succisterene 

is hjrdly a distinct chemical compound, but probably a mixture, 
Pelletier and tValter 'describe»it as devbid of smell 'and tjste, 
fusing at 160° to 162° and distillirig above 300°, very little 
soluble in alco'llol 'and ether. Analysis yiejd^d 95-5 C'and 5-6 
H per cent. 

• Picene {Parachrysene\ CjjHf^. 

• • 

Discovered by Burg * in browncoaUtai^ but very probably also 
present in the heaviest coal-tar oils; idesHtical-with Rasenack's 
parachrystne.® It is uery similar to chrysene, but even less 

' Ann. Chtm.*Pharmj, cvi., f. 391. * .J. prakt, Chem., Uxw, p. 281. 

^^nnalen, ccxxix., f , loj. * J 3 er., 1880, p. 1834. 

® IMd., 1873, p. 1041'; Wagntds Jakreshh^ 1873, p. 81^ 
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soluble, viz., very little in boiling glacial acetic acid, b*nzene, 
and chloroform, best in coal-tar oils; boiling betvtfeen 150° and 
170°. Its fusing-point is higher than thit of»any other known 
hydrocarbon, viz., 337° to*339°, corrected =345°, and it boils at 
518° to 520°. It dissolves in concentrated sulphuric acid, with a 
green colour. 

Precisely the same body was found by Graebe and Walter^ 
in a'product obtained by dry distillation of the purification 
residue of Califdrnian petroleum. They found its formula 
= C22 H^i. It fuses at 330° to 345°, and boils (as determined by 
Craffts’s air-thermometer) at 518° to 520°. Hence also its 
boiling-point exceeds that of any other hydrocarbon of known 
formula. 

Bamberger and Chattaway - obtained it in a purer state and 
found its fusing-point 364\^ They proved it to be / 3 j 8 dinaph- 
thylene-ethylene—that is, the phenanthrene of the naphthalene 
scries: 

/ 3 --c,„h,,-ch 

I II 

• 

Lespicau ^ has prepared it synthetically by the, action of 
ethylene bromide on naphthalene fti the presence of aluminium. 
Him Ber*yyiyM., p. 3341) states that it is, formed by • 

distilling a-dinaphthpstilbene through a red-hot tube. 

The hydrides of picent have been prepared by Liebermann 
and Spiegel (loc. fzV.), and fougd b^ Iloyen \ Ckem. Zeit.j 1889, 
pp. 870 and 905) ifl the high-boiling oils from browncoal-ty. 

• « 

BenzerylhrAu, C24Hig. 

Discovered by Berthelot,* prepared in. the pure state by 
Schultz' and recognized as triphenylbenzepe.* Fyses at 307° to 
308°. Smal*, ’white, shining, strongly elfectric scales. LRtle, 
soluble in alcoholic or even boiling glacial acetic aciJ, mcve 
so in hot benzene;‘soluble in sulphuric acid, with a green 
colour. 

t Ibid., 1893, p. 1751 j.gnd Liebigs tlnnalen, cclxsifiv., p. 52. 

■. s Ibia., 1891, Ref. p. 963. 

Ann. C^im. Phys. [y, 81., p. 45^. 


'' Per., 1878, p. 96. 
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, , Crackene, C^Hjj, 

was first isolated from the “red-pitch” of the “cracking- 
boilers” used in 'distilling mineral ojls, by Klaudy and Fink 
{Monatsh, xxi., p. Ii8), and afterwards found in some coal-tars 
by Bdrnstein {Ber., 1906, p. 124; ; cf. also Chem. Zentr., 1906, ii., 
p. 921). It fuses at 308° and sublimfe^ when cautiously heated ; 
over 500° C. it boils with decomposition. Very little soluj?le in 
alcohol, soluble in boiling benzene, cumene,^ petroleum-spirit, 
glacial acetic acid, chloroform, and acetone. Sulphuric acid 
dissolves it with dark blue colour. It is oxydized to a quinone 
by a solution of chromic acid in acetic acid. 

Bitumens. 

Badly characterized hydrocarbcyss, fusing with great diffi¬ 
culty, assumed to be present in coal-tar pitch. Carnelley’ 
distinguishes two bitumens:—one boiling at 427° to 439", 
which is readily soluble in benzene, and carbon disulphide, 
moderately in ether; and the other boiling above 439°, hardly 
soluble in benzene, but more easily in carbon disulphide. The 
latter softened at*" 190°, began to fuse at 220°, but was not quite 
liquid till'it reached 330°. ♦Both were black masses with con- 
choidal fracture. Evidently Carnelley himself does not assume ■ 
that these 'two bodies were homogeneous compounds. {Cf. 
also, supra p. 261, what Kraemer says of truxene.) 

Oxygenized Compound^. 

Water, H^O. 

This is always contained in coal-tar, partly mechanically 
enclosed in the free state, partlyiin chemical oombination with 
phenols and other substances. 

“Mallmann (/. Gasbeleucht., 1905, f(I' 827) found in 188 
specimens of gas tar from 5 to 33 per cpt. water, keeping in 
solution principally ammonik and amlnonium salts, with small 
quantities of pyfidine and other organic bkses, phenolS, etc. It : 
is, of course, mechanicilly enclosed “ ammoniacal Jiquoi^,’’ and 
is worked ud wfith this.for afiimonia. 

‘ /. Chem. Soe., i88«, fi. 714. 
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Methylic Alcohol, CH^O. 

Syn. wood-spirit, wood-naphtha. Boils at 63°; sp. gr. at 0" 
0-818, at 20° 0798. Occurs in woodrtar, and especially in crude 
wood-vinegar ; not y^t proved with certainty to occur in coal- 
tar, but found by Rosenthal {Z.’^ingew. Chem., 1901, p. 665) in 
lignite-tar. 


Ethylic Alcohol, CjHjO. 

Syn. spirit of wine. Boils at 78°-s; sp. gr. at 0° 0-8095, at 
I 5°‘5 07939 - According to Witt,' it constitutes 2 per cent, of 
crude benzol; Vincent and DelachanaP also confirm this state¬ 
ment ; but Kraemer ® questions the feet, as do als^ K. E. 
Schulze {vide supra) and Heusler {Her., 1895, p, 488). Possibly 
the mistake* arose from the circumstance that the “ crude 
benzol ” of \Vitt and of Vincent had already been treated with 
sulphuric acid and caustic-soda liquor, in which case it might 
happen th«it, from the ethylene dissolved in the tar, sulphovinic 
acid would be formed, and decomposed by the alkaline treat¬ 
ment with formation of alcohol. Watson Smith also explains 
the formation of alcohol in this way; he coulc^ find only small 
traces of alcohol in London benzene. 

Acetic Acid, C2H^02. 

Boils at 119°; sp. gr. at 15° 1-057. Extremely important as 
is its occurrence in wood-tar, it seemj to be nearly, if not quite 
absent from coal-taT. Vincent and Delachanal {loc. cii.) f»und 
it on distilling crude; benzol with alkali, as a product of, the 
deepmpo^tion of methj'lic cyanide. Rosenthal Jloc. cit) found 
this in lignite-tar, togethef with propionic acid, «-butyric acid, 
and «-^%lerianic ^cid. 


Cjk(jO=CHj—CO—CHj. 

Boils at 56°; sp.4 gr. 0-7971 ^at 18°. Soluble in water, 
alcohol, ether, etc., in all proportions. Very inflammable. 
Heusler his obtainejl it from “first runnings” of benzi^ by tre:»t- 
ment vjith water: Rosenthal Uoc. cit.) from lignite-tar. 

• • • 

Chem. CentK, 1878, p. 4M. * Comptes rend., Ixxxvi., p. 340. 

’ Chejh.Vnd., 1878, p. 126. 



266 PROPERTIES OF COA^-TAR AND ITS CONSTITUENTS ; 

Methylethylketone, QHgO 

found, together with,acetone, by K. E. Schulze [Ber., 1887, 
p. 411) in first runnings from benzol ^fter the treatment with 
sulphuric acid; he tjiinks it probable that Jaoth this and acetone 
had been formed by the action^f sulphuric acid on methyl- and 
ethyl-acetylene. Rosenthal {loc. at.) ibund it in lignite tar. 

Acetophenone {Phenyhnethylketone ),tCgHjO 

was found by Weissgerber (ibid., 1903, p. 753) in the heavy 
benzols of trade, together with small quantities of other 
aromatic ketones, not isolated. It seems as if the ketones, 
like pheffols and bases, belonged, to the regular constituents of 
coal-tar. 

Benzoic Acid, (T^HjOj. 

Melting-point i2i°-4; boils at 249°-2. Found in the 
residues from the manufacture _of phenol by K. E. Schulze 
(Ber., 1885, p. 615). It is perhaps not present as such in the 
tar, but is only formed from benzonitriie during the treatment 
for phenols (see below under “benzonitriie”). 

Phenol (Carbolic Acid), QH^p. 

Syn. phenylic acid, phenylic alcohol. Discovered in 1834 by 
Runge,’ more thoroughly examined by Laurent, and subse¬ 
quently by many chemists. I^ was for a long time confused 
witK^Reichenbach’s “ Creosote ” from beech-wood tar, in spite of 
Run^e’s and Laurent’s protestations, on the authority of 
Reichenbach, Tjmelinf, and others: henee “creosote’* came to 
be practically synonymous with “ carbolic acid ” (acide phenique), 
until all doubts tve»e removed by Gtorup-Besanez,® t. 

The histqry, raapufacture, application, ancf ex^amiqation of 
carbolic acid are mdnographically treaterf by H. Kohler in his 
book: Karboimure undKarbclsaureprdparate,'B&c\m, i^gi. 

Occurrence and Formation.— one of the most 
frequently occurring substances. It is foynd as such^'n nature; 
it •is a prtduct of the*changes of substance, taking olace in 

' Aoggeni. Atm., xxi.,.p, 69 xxxij., p. 306, 

^,C/. the History of Phenol, by Schorieimer, /. See. Chem. Jrut, 188;, 
P.'52- 



‘ PHENOL 


26T 


animal organisms, and is formed in many chemical pracesses, 
especially by the pyrogenetic decomposition of organic 
substances. Watson Smith {Joe. cit.) fou*nd k in the products 
extracted from Japanese coal; Griffiths {Chem. Neivs, xlix., 
p, 95) in many parts of the pine; Pebal and Freund {Ann. Chem. 
Pharm.,acv.^^. 19) in petroleum from Galicia; Markownikoff 
and Oglobin {Chem. Zentr., xil, p. 607) in such from Caucasia ; 
Wohfer {Ann. Chem. Pharm., li., p. 46; Ixvii., p. 360) in the 
" castoreum ” secreted by beavers ; Staedeler(f; 5 rVf., Ixxvii., p. 18), 
Lieben {Jbid., supplement, vii., p. 240), Landolt {Berl. Ber., iv., 
p. 770), Christian! {Z. physik. Chem., ii., p. 273) in the urine of 
man and animals. Munk {Berl. Ber., ix., p.'1596) found in 
normal human unne, secreted "with mixed food, •0 004 g. 
phenol per litre; Salkowski {ibid., ix., p. 1595; x., p. 842) in 
the same • under pathold^ical conditions up to 1-5575 g. 
Baumann {ibid., ix., p. 54) found that phenol (and cresol)do not 
exist in urine as such, but in the form of a sulphuric ether. 
Brieger { 2 . physik. Chem., v., p. 366), Baumann {ibid., i., p. 60; 
iiL, p. 250), Weyl {ibid., iii., p. 312) found it among the products 
of the putrefaction of albuminous substances,^hich, as proved 
by Baumann {Berl. Ber., xii., p. 1450; xiii., p. 279)^ explains 
the occurrence of phenol in animalftecretions. 

Schultzen and Naunyn {Arch. Anat. Physiol., 1867, p. 34) 
found that phenol is also formed directly from benzene in the 
animal organism. Hoppe-Seyler {Berl. Ber., xii., p. 155O 
obtained phenol from benzol, by shaking viith water and 
palladium hydride^ Leeds Jibid., xiv., p. 975) by the actiop of 
sunlight on .phosphorus, covered with water and benzene.* In 
both cases the oxidatiwn of ben;jene intce phenof is cause 3 by 
the Tbydrogen peroxide formed. Friedel and Crafts {Bull. Soc, 
rfcxxi., p. 463) found that phenol was* also formed by 
passing pxy^en thr*ough boiling benzene. , These, methods are 
chemically interesting, fe*ut their technical utilisation is not 
possible. 

Large quantities’kf phenol-ara synthetically obtained by 
the oxid^ion of anijine by means of the method found by 
Peter Griess {Antt. Chem. Pharm., cvi., p. 123, lind mamy 
subset^ent publications): converting the anilin^ into % diazo- 
compound and decomposing this by boiling with dilute acids; 

CjHiN = NCI /i! 20=Nj+ HCl + CjHj .OH. 
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A most important way of preparing phenol was found at the 
same time and quite independently by Kekule (Z. /. Chem.^ 
N.F., iii., p. 193), \^^urtz (Comptes rend., Ixiv., p. 749), and 
Dusart {ibid., Ixiv., p. 895), and has been specially studied by 
Degener (/.N.F.^xvii., p. 394), viz,, the action of 
fusing potash on benzenesulphonic acid, the reaction being: 

CgHj. SO 3 H + KOH = SOjK+CjHj. OH. 

This synthesis of phenol has been technically utilized during 
periods of high prices of carbolic acid, and the phenol thus 
produced excelled by its remarkable purity and its mild odour; 
but nowadays the phenol is produced from coal-tar in the 
same state of purity vind at a cheaper price, so that its 
synthetical production has had to be almost entirely abandoned. 

As shown by Graebe {Ann. Chem. Pharm., cxxxiv., p. 143), 
Gerhard {Ann. Chim. Phys. [3], vii' p. 215), Rosenthal {Z. f. 
Chem., 1869, p. 627), Klepl (/. prakt. Chem., N.F., xviii., p. 159) 
phenol is quantitatively formed by heating the three isomeric 
benzoic acids, carbon dioxide being split off; 

QH4{0H) (COOH) = COj + QH 4 .OH. 

Berthelot IxviiL, p. 539) observed the forma¬ 

tion of phenol when passings the vapours of alcohol and acetic 
acid through a red-hot tube, and its productian from acetylene 
by passing this gas into fuming sulphuric acid, and fusing the 
sulphonic acid thus formed with pptash. 

Phenol is also formed in a series of complicated chemical 
processes which cannot b*e enumerated in, this place, and in 
the iJestructive distillation of many organic substances, such as 
woofl (Marasse, Ann. Chem. Pharm., ,cvii., p. 159), lignite 
(Rosenthal, Chem. Zeit., 1890, p. 870), bones (Weidel ‘and 
Ciamician, Momtsh., i., p. 279). In coal-tar it is fjund in 
much greater praportion than in any other ftin'd of tar.^ 

^Properties of Phenol.—Ivi the absoliitfly pure' slate it forms 
long white ne^les, fusing at 42°-2 into a clear, colourless liquid, 
>and boiling (under a pressure, of 7^0 #Jm.) at 184” without 
decomposition.. Ordinary “pure” phenol, which contains 
traces of ciesol or.watet fuses at about 352 and boils at 188°. 
Hence the phenol exairiined by Adrieenz,' and considered 
exceptionally pure, which fused at 37*8, solidified at 34'*'3, and' 
’ Ber., r873, 
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boiled at i83°-3 to i84'’-i, was not absolutely pure. Really pure 
phenol, fusing at 42°, is less deliquescent than that melting at 
35°, which contains a little cresol. In dathp air phenol absorbs 
water, and its fusing-poiht is lowered by the formation of a 
hydrate, CgHjO, H^O,‘containing 16-07 pcr cent, of water and 
fusing at iy°- 2 } It seem< to be the same as that obtained by 
Calvert on exposing a mixture of 4 parts of phenol with i part 
of water to a temperature of 4°, although he states its fusing- 
point to be 16°, aftd its formula 2(C„HgO), HjO. The hydrate 
begins to lose water at 100°, and thus gradually arrives at the 
boiling-point of anhydrous phenol. 

In very damp air the hydrate absorbs still more water and 
then remains liquid. If as much wat^r is added to phenol as 
will combine with it, the resulting liquid contains about 27 
per cent, water, almost eActly corresponding to the hydrate 
C^HjO, 2H2O. But on shaking tKis liquid with 4 vols. of 
benzene, it gives up the whole of its phenol to the latter, the 
water beiflg separated (Allen). 

The specific gravity of phenol at 18° is 1-065 I its expansion 
for the temperature t at the pressure of 760 mm. is stated by 
H. Kopp as follows ; 

V,-- 1 -fo'ooo^744r-fo'oooooi72i/*-o'ooooooooo504o8/“.. 

Adrieenz {loc. e/t.)gives the following table of the volumes of 
phenol:— 


Jft. 


Tempentur^ 

Spec. gra?. 

Volume. ^ 

Degreet. 


• • 

40 

s -05433 

1-01504 

50 

[■04663 

1-02259 

60 

[-03804 

.I-OJ3S6 

70 » • 

[-02890 

1-04028 

• • ^ 

1-01950 

, 1.84984, 

90 

j E-OIOtS 

• i' 0595 i . 

100 • . 

[■00116 

1,06899 


• 

• 


In sp^ of being deliquescent, phenol is Jiot very easily 
soluble ,m water, bift is so in all proportions in alcshol, ether, 
, beniei|e, glacial acetic ai^id, glycerip, etc. It is^iusual^ stated 
that phenol dissolves inj20 parts of water; and some pve 
' AUA, Analyst, uL, p. 319. 
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even much higher figure. Alexeieff gives the following 
data:—100 parts of water at ri° dissolve 4-83, at 35° 5-36, at 
58° 7-33, at 77° iic 83 parts of phenol; at 84° both liquids mix 
in all proportion.s. On the other hand, 100 parts of phenol 
at 9° dissolve 23-3, at 32° 26-75, at 53' 31-99, at 71° 40-72 
parts of water. But Allen states th%t liquid aqueous carbolic 
acid dissolves in ii-i times its volume of cold water, corre¬ 
sponding to pure phenol dissolving in 10-7 times its weight of 
water, or to the aqueous solution containir% 8-56 per cent^ 
According to Hamberg,'^ pure carbolic acid (fusing-point 40° to 
41°, solidifying-point 39°, boiling-point 180° to i8(/-s) dissolves 
at 16° or 17° in 15 parts of water, and at 40" in 2 vols. of liquor 
ammonia; of sp. gr, o -^6 (forming a clear liquid which turns 
milky at 17° or 18°). Other statements,’ attributing to it a 
smaller solubility, may be explainei^'by the presence of cresol, 
which lowers the solubility. The aqueous solution does not 
redden litmus; benzene, ether, carbon disulphide, or chloroform 
abstract phenol from its aqueous solution. Cold petroleum- 
spirit dissolves but little of it. Schweissinger (Pharm. Zeii,, 
1885, p. 259) gives the following particulars re.specting the 
solubility of phtnol in petroleum - spirit. One part phenol 
requires for its solution :—\ 

Af 43" 4‘r 41- 89' JT" Si' SS' » 29* 27” 2i' 

1*23 4 5 6 789 10 

23’ 2r 19" 16" 

15 20 30 40 parts'of petroleum-spirit. 

The solubdity in paraffin •oil is about the same. This 
property of phenol is utilized in the manufacture of loose 
crystals. , ^ 

The smell of carbolic acid « very similar to that of wood-tar 
creosote (that ^is, smoky), but (like the taste) it is less pro¬ 
nounced in very pure phenol than in impiire*; so that* in the 
former it can'be masked by a few drags of geramisim dll, which 
also render it permanently liquid. The^asto of phenol is both’ 
hbt and sweef; it acts violently upon the. epidermis, turning it 
white and causing it to harden or shrinlc. Hence it must be ' 

• Other observers have found that phenol dontaining so£e water is 
much more *soluble in an &ces 3 of water than anhydrous phej'ol; this 
perhaps elcpiainsthe difference between Ali^p’s observations and |hiise of 
other chemists. 

p. 751 - 
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cautiously handled; rubbing with a fatty oil lessens th^ pain 
and the bad effects of external contact with it. Internally it 
acts of course as a poison, both on acfcouiit of its corrosive 
action on the epitheliufta and its property of coagulating 
albumen; it appear^ to act on the nervous system by 
paralyzing the nerve-ceijties. ‘According to Allen, even a 
momentary contact of strong acid with an extensive surface of 
the loVer parts of the body is mostly fatal, but it has compara¬ 
tively little effect tin the arms. 

The poisonous and coagulating properties of phenol are 
clearly shown by its preventing the development of lower 
organisms, which renders it one of the most important agents 
for the prevention of fermentation and fiutrefaction, fo» Lister’s 
treatment otwounSS^tc.; and its technical application, apart 
from its enaployment in 6^e manufacture of a few colouring- 
matters, of salicylic acid, etc., is e*xclusively based on its 
antiseptic property. 

Cf. abcTve the poisonous action of carbolic acid, Bokorny,- 
Chan. Zeit., 1906, p. 554. 

The solu.t4pns of phenol in oil do not possess the same 
disinfecting power as those in water (Kochj^olffhugel, and 
Knorrc,/. Soc. Chan. Ind., 1882, p.^44). 

Phenol, if noU quite pure, turns red more or less quickly, 
especially under the influence of air and light The cause of 
this is not accuratefy knowyi; perhaps it is owing to the 
formation of rpsolic acid due to traces of mineral acids, in 
the presence of hopiologues and of*oxygen. Frequently ^the 
reddening of phenol is attributed to traces of copper ^ or of 
other metals,* which'are said to form compomids of a'red 
colour with phenol, but njat rosolic acid (Kremel*). Rosolic 
acid is assumed to be the cause by Yvop; Mother oxidized 
compounds by EBelt* Cf. also Richardson,^ Ba^h,'’ Gordon, Boes, 
Reuter. * Sorne "ascribe tW red coloratfbn, not to impurities, but 
to the oxidation of phenol itself. , According to Kraemer and 
Gpilker,* the coloratich*isjiue ten th^ influence of indene. 

‘ E.g.,J/^ 3 .,J. Soc. Chem. Ind„ 1882, p. 397. ^ 

' “Krei^l, q^m. Zeit, 1886, Rep. J 4 : Afeyke, FiscAerl Jahrtsbtr., 
1883,<^.*13. , ® Mharm.J. Trati}., 1881,‘p. 1051. 

‘ R^rt anal. Chem., 1804^. 17. ‘ J- 'Chem. Ind., xii., p. 414. 

* Monit Scient [4], viii., pfseS. * Berl. Ber., 1891^ p. 648. 
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' Thp following reactions are characteristic for phenolA 
drop of a dilute solution of phenol gives with ,a solution of i 
part of molybdiQ, acid in lo of concentrated sulphuric acid a 
yellow-brown colour, soon turning purple. Heating to not 
above 50" assists the reaction. Since many other bodies cause 
the reduction of molybdic acid, this reaction is interfered with 
by them. By addition of ferric chloride (not in excess!) i part 
of phenol in 1000 or at most 15CX) (not 3000, as usually stated) 
of water can be recognized by a purple colour; but some neutral 
salts interfere with' this, and, on the other hand, other com¬ 
pounds show the same reaction. In the presence of much alcohol 
this reaction ceases altogether (Peters, Z. angew. Chem., 
p. 1078), Raschig {ZZangew. Chem., 1907, p, 2065) attributes 
this reaction to the formation of a ferri-'^s.lt'of phenol, similar to 
the ferri-salicylate characterized ht?- Hantzsch and Desch in 
1902 {Annalen, cccxxiii., p. i). Twenty c.c. of a solution of i 
part of phenol in 10,000 water, mixed with a very little liquor 
ammonias and then with a little freshly saturated chldrine-water, 
or, preferably, bromine-water, produce a deep indigo-blue 
colour. This reaction is very stable, the colour remaining un¬ 
changed for dayk" and weeks even in the open air. Salkowski 
(Z. anal. Chem., 1872, p. 94),gives special rules for this reaction. 
On heating phenol solutions with J to i thei-- bulk of a 10- or 
15 per cent, solution of mercurous nitrate, a pink colour appears, 
which is strongest one or two hoqrs afterwards. This reaction 
is almost as sensitive as the next, and remains for some time. 
Landolt showed in 1871 that i part of phenol in 80,000 water 
can ‘be discovered by means of fresh bromine-water, a white 
crystalline precipitate of tribromphendl (CjH^rjO) being 
formed, but in the case of very dilute solutions not till some 
time has elapsed. IJranium acetate is recommended as s^test for 
phenols by Orlov' [Chem. Zeit. Rep., 1902, p. 164). According 
to.Fiofa {CAem. Centr., ‘^901, 'i., p.':843) pure phenol, when 
treated with peppermint oil, after, some time", gives a greenish, 
blue coloration which disappears on })eatftig, but reappears on 
cooling again. , Cresols, etc., do not give this reactica 
. Lieber;nann {Berl fyr., vii., p. 248) indicates thV ‘bllowing 
reaction-of all, phenols. When adding them , to slilphu^iq,^cid 
containing nitric acid; the mixture turns first brown, thefi green 
anJ blue, and yields a splendidly blui, solution in alkalies. 
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Waller {Chem. News, xliii., p, 150) quotes many reactfons of 
phenols, especially those different from wopd-tar creosote. 

Schaer {Arch. Pharm., ^pril 1881) also conf^ares the various 
•eactions of phenol. 

Herzog {Pharm. Zeit., 1907, p. 578) recommends as 
i reagent for phenols, diplietiyl-urea-chloride, and upholds this 
igainst objections made by Raschig {Pharm. Zeit., 1908). 

The quantitative estimation of phenol will be described in 
Chapter IX., where also the commercial qualitative tests for 
‘pure carbolic acid” will be given. 

Phenol is the type of a whole class of bodies which stands, as 
it were, midway between alcohols and ^ids. Hence the older 
and industrially majt usual name, “ carbolic acid," is Scarcely 
used in scientific languafbiv The phenols form a class by them¬ 
selves, viz., those aromatic impounds in which the hydrogen 
atoms of benzene nuclei are replaced by hydroxyl (OH). The 
hydrogen of the latter is easily replaced by metals or alcoholic 
radicals; but 'the other characteristics of a real acid are absent. 

Phenol has a certain affinity to bases, as manifested by their 
use in extracting it from tar oils, but its acit^ properties are 
only about of those of carbonic acid (Walker, 

Chem., xxxii., p. 137). Nevertheles#, when brought into con¬ 
tact with potassiunt or sodium carbonate, it replaces Ijalf of the 
COj, with formation o( bicarbonates, as described by Gentsch 
in 1903 in a number of patents, to which we shall refer in 
Chapter IX. 

Phenol is consequently more soluble even in dilute alkaime 
solutions thaii in wate^, with formation of easily soluble apd 
crystallizabte compound# {e.g., with potash* soda, or ammonia) 
called carbolates or phenafts (CgHj, ONa, etc.). These com¬ 
pounds are not very^ stable, but they are not decomposed by 
dilution v^ith water. Ethej; and alcoljol diss(Jlve .these com¬ 
pounds. Hence th^ pheifbls can be separated from the iiT- 
different tar-oils by treatment with an alkali. 

Concentrated sulpliftrie acid' also dissolves phenol with 
formation qf^lphonic acids, and thus removes if: from tar-oils, 
W'hich, hqi^e^, easilj' retain a little of the sulphoTiic acicf. 
Nitrio:J»«d yields nitro-prgducts, on» of which & technically 
^§ortai|:, viz., picric acid, C„Hj(N 0 j) 80 H. ■ In the presence of 
!^ies which furpish methane^carbon, together with free mineral 
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, acids and oxygen, rosolic acid, CuHi^Oj, is formed. Upon this 
is based the technical preparation of coralline from phenol, 
oxalic acid, and sulphuric acid—and perhaps also the reddening 
of impure phenol, cresol [CgH4(C!H8)(OH)] providing the 
methane - carbon. According to Kraemer (priv. comm.) the 
reddening of phenol is caused by the benzoic acid contained in 
crude phenol, which passes over on distillation, taking up a little 
iron from the still and forming therewith ferrous benzoate; this 
on exposure to the air is transformed into red ferric benzoate. 

Dobner {Ber., 1891, p. 1753) made the interesting observation 
that phenol in alkaline solution is split by potassium permangan¬ 
ate at a low temperature into inactive tartaric acid and oxalic 
acid. 

Cresols, CjHgO = CjK/CHJ (OH). 

Syn. oxytoluene, cresylic acid. 

There are three isomers of this formula; coal-tar contains 
a mixture of all of these. 

Orthocresol (i, 2) fuses at 30° and boils at 791° corn (Weger); 
water dissolves^at ordinary temperatures 2-5 vols. per cent. 

• according to Gruber (Z. angew. CItem., 1893, P- 613). 

Paracresol (i, 4) forms dolourless prisms, fusing at 36°-5 and 
boiling at 202° corn (Weger). It smells like phenol, and is little 
soluble in water (i-8 per cent, by volume). Its aqueous solution, 
like that of metacresol, is coloured blue by ferric chloride. 

MetacresoKy, 3) boils at 20,3° (Weger); it is usually obtained 
as a.thick liquid, not solidifying at —80°; but Staedel' has shown 
th%t it can be obtained solid on cooling down ,to -18° and 
startiiig the crystallization by adding a'’crystal of phenol. The 
crystals melt at 4° (Weger). Water dissolves only 0-53 vol. per 
cent. (Gruber). R is asserted that metacresol is both'*he most 
efficient bacteridide and^yet the least poisonous of the phenols 
(Russig). 

Formerly the cresols were only employed for disinfecting 
purposes, but nowadays they play art* important part in the 
manufacture of coal-tar dyes, and are therefore s&parated from 
coal-tar in a pure form. Methods for %eparating''*he three' 
cresols"^ for ahalyticaj and technical .purposes will be Viren it>? 
Chapter IX. 
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Commercial cresylic acid (technically sometimes* styled, 
“tricresol^’) is a mixture of the isomers which, according to 
K. E. Schulze {Ber., i88j, p. 410), contams 40 per cent, meta- 
cresol, 35 orthocresol, 25 paracresol. Raschig (Z. Chem., 

1900, p. 759) found on an avei;^ge; 40 per cent, orthocresol, 
35 per cent, pietacresol, 35 per cent paracresol. Creosote from 
lignite-tar, according to Boyen, Berl. Ber., 1893, Ref p. 151, 
contains 70 per cent, metacresol, 20 to 30 paracresol, and little 
or no orthocresof 

Gray (/. Soc. Chem. Ind., 1902, p. 875) found in Scottish 
shale oils: 5 to 6 per cent phenol, 12 to 15 per cent ^i-cresol, 
30 to 35 per cent >«'cresol, 30 to 35 gfr cent xylenols, and a 
little guaiacol; ^-'r^sol and creosol seem to be absent.* 

Commertial coal-tar -re.sol is a colourless, refractive liquid 
which doe? not solidify at—80°. It has a specific gravity of 
1-044, is much less soluble in water and alkalis, and boils at a 
higher temperature than carbolic acid, about 185“ to 203°. It 
give.s the same reaction with ferric chloride as carbolic acid, 
and is even more strongly acted upon by strong sulphuric and 
nitric acids.'»<.With bromine it gives a trilyomo-compoiind, 
CjHBr3(CH3)(OH), liquid at ordinary temperatures. . Its anti¬ 
septic properties are even more strongly marked than those of 
carbolic acid. • , 

Allen gives the following table, showing the differences 
between carbolic acid (Calvert’s No. i) and cresylic acid (pre¬ 
pared from Calvert’s No. 5 by frgctiopating):— • 



Carbolic Aeid. 

• 

- 

Creafllc Acid. 

. • 

I. Melting-point . 

1 

Solid ajt ordinary tempera¬ 
ture ; Uquebed by addi¬ 
tion of water; both ab¬ 
solute and hydrated acid 
are ^lidified t^freezyig- 
fiftures. 

Liquid at ordinary tem¬ 
perature ; neither ab* 
•olut^nor hydrated acid 
is |olidified by freezing- 
* mixture.* 

t • 

a: Boiling-point 

I82^ 

• • 

198° to 2^3°. 

3. Solubility of hydrated 

acid in cr^^Vatei. 

• 

I Tol< in 11 . 

• 

I vol. in 29. 

4. SoIubi\ty itf strong 
. on of ammonia 

(sp. fT. 0880). 

a 

Completely and readily 
soluble in equal vokime; 
solution not precipitated 
by aJe^tioD of less than 
volume of water. 

Almost insoluble ;4equires 
. t6 voWmes; then forms 
crystalline scales. 

* « 

• 


. 
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Gartnlic 

Cresylic Acid. 

Reaction with solution 
of caustic soda (free 
from alumina) con¬ 
taining 6 per cent. 
NaOH. 

Completely soluble in ^ual 
volume. Addition of the f 
alkali solution, even up 
to 6 volumes, causes no 
' change. 

Insoluble in small propor¬ 
tions. With large excess 
it disappears and forms 
crystalline scales. 

« 

6. Reaction with solution 
of caustic soda con¬ 
taining 9 per cent. 
NaOH, 

r 

Completely and readily 
soluble in equal volume. 
On addition of any pro¬ 
portion of water up to 

7 volumes the liquid 
remains clear, but is 
predpitated by 8 mea¬ 
sures of water. Soluble 
in 2 measures of soda, 
and not predjatated hV‘ 
less excess than 
measures, ^ 

Soluble in equal vdlume, 
l^t precipitated by add¬ 
ing a few drops of water, 
the original volume 
separating when water 
is added amounting to 

I measure. The solu¬ 
tion in soda is re-pre- 
itated when the alkali 
*^solutioii is added to the 
extent 3^ measures. 

7. Reaction with petro¬ 
leum-spirit. 

p 

Absolute acid is misdble 
with hot ^roleum- 
spirit in all propor¬ 
tions, Misdble with 

oniy i voL of cold 
petroleum-spirit, pred¬ 
pitated by greater pro¬ 
portion. With 3 vols. 
of petroleum-spirit, bulk 
unchanged; upper layer 
contains carbolic acid, 
which crystalHzes out 
on sudden cooling by 
freezingTBixturc. 

Absolute add miscible in 
all proportions. No 
separation, of crystals 
or liquid productd by 
suddenly cooling solu¬ 
tions in 3 measures of 
petroWjm-spirit. 

r 

8. Behaviour with^ glyce¬ 
rin of sp. gr. 1*2^8. 

0 

« t 

-f ‘ 

Misdble in^ all propor- 
tionit. One measure of 
carbolic add vitii an 
equal amount of glyce- 
^ rin is not predpitat^cT 
on addition of 3 mea¬ 
sures of water. 1 b pres¬ 
ence of cre^Uc acid 
less dilution is possible, 
2 vols. of water being 
tlij maximum for a 
sample ctmteining <35 
per cenV eremite add. 

Miscible in all proportions. 

One measure ot cresylic 
* add mixed with l mea¬ 
sure of glycerin, is com¬ 
pletely pr^ipitated by 

I measure of walei;- 

u 


According to this table, cresylic acid is less fejluble than 
carbolic &id in watd-, ammonia, glycerin, an(^ caSstic-soda 
liquor, ibut mwe easily in petroleum-ipirit Hence, thrsigh’ the^ 
p/asence of considerable quantities (jf cresylic acid cai| be dis- 
.covered in carbolic acid, the utilization of the above reactions ; 
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for a quantitative estimation of these bodies is out‘of the^ 
question. An approximate estimation of this kind will be 
described later on. Water of the nol’mak temperature dis¬ 
solves 2'55 per cent, of the mixture of cresols in coal-tar 
(Gruber). * 

Lunge and Zschokkei have made experiments on the lower¬ 
ing of the fusing-points of pure phenol and pure paracresol by 
one shbstance being mixed with the other in definite propor¬ 
tions. The resfllt of their observations are given in the 
following table;— 


Fbenol. 

« 

Par&oreiol. < 

* Fufling-point. ^ 

€*er cant. 

Per cant. 

Degrees. 

« 100 

0 

+ 40-5 

95 

' 5 

27-8 

90 

10 

23-9 

85 

15 

20*3 

• 80 

20 

16.7 

75 

H 

12.6 

70 

30 

8-6 

65 

35 

4-7 


40 

±075 

55 

45 

•2-5 

50 

5° . 

-2-5 

45 

55 r 

-0*9 

40 , 

60 

+ I'2 

35 

65 

3'5 • 

30 

70 

6.7 

»5 

75 

12.4 

20 

80 

i6'2 

15 


2018 

10 

98 

25-9 

r • 

95 

28>5 

0 

• 

100 

+ 32-5 

. 


Siqfe commercial cresylic acid also cont^ine* other isomers, 
the foregoing tiblS cannot be directly utiliaed for analytical 
purposes. ' ^ ^ • 

The pyrocresols, first observed by Schwarz (^er., 1882, p. 
2201), bodies of the'forgfiula CisHiiO> have been proved by 
Zmerzlikar^j(Z. angew. Ghent., 1895, p. 468) to be secondary 
productfTormed in distilling crude phetVDl. Bott {JttSoc. Chmn. 

846) has studied them in detail . The)^ do not, 
- ^em be present in coal-tar. 

' Chedl, Ind., 1883, p. 61 
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< Xylenols {Xenols),C^.^fP=C^^{CY{^^Ol{, 

Of the six xylenqls admitted by theory, four are known. 
Some of these n6 doubt occur in ccpi-tar; it is also probable 
that the "phlorol" from the beechwood - tar (boiling at 
220°) is such a mixture. Marasse {Ann. Chem. Pkarm., clii., 
P- 75 )- 


Orthoxenol (i, 2, 4)=CjHj(CH5XCHg)(Oy). Fuses at 65° 
and boils at 222°. Crystallizes from water in long needles, from 
dilute alcohol in orthorhombic octahedra; yields a soluble 
sodium salt in thin needles. 

Orthoxenol (i, 2, 3) foses at 73° and boils at 212° to 213°. 


Metaxenol 1 . (i, 2, 3)=CoIJJvtH3)(OHX^^3)* L-ong 

needles or plates, fuses Ut 74°-5 tad boils at 211° to 212° 
(Jacobsen), or at 73° and 216° respectively (Fittig and Hooge- 
werf). • 


Metaxenol II. (i, 3, 4) = C,H3(CH3)(CH3)(OH). Colourless, 
strongly refract!', e liquid of sp. gr. 1-0362 at 0°; 'Soes not easily 
solidify ih the cold, except when brought into contact with a 
crystal of the same mass ^taedel and Hdjtz, Ber., 1885, p. 
2921); the'crystals melt at 15°. Boils at 209°, little soluble in 
watel miscible with alcohol and ether. "Its alcoholic solution 
is turned green by ferric chloride, its aqueous solution blue, 
whilst the other xenols do nbt give .any reaction with that 
salt' Found in blast-furnace tar by Watson Smith (/. Chem, 
Sob., Jan. 1866, and griv. comm.). ^ ° ^ 

Metaxenol III. (i, 3, 5) fusds at 65° and boils at 218°. ■ 


tParaxenol (f, ^3, 4)=C5 Hj(CH3)(OH)(CH5)l Colourless 
crystals, very like metaienol I.; fulcs^at 7 S°, 1 ?dils at 208° to 
209°, sp. gr. ?.t 18°=0-9709., Solubility sitriilar to that of the 
above. , • < ‘ ‘ 

There are higher phenols known, viz. -.—mesitylol^^.^.^ - OH, 
boiling at 220°; pseu(Pocumenol, C^Hn. OH, boiling-^t 240° j 
, thymol,' CijHj-,. OH, boiling at 230° ^^carvacrol (sime fyrffiula), 
' boiling at 233° to 23^°; but their existence in coal-tir (las nbt 
been proved. 
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u Dioxyb^nzenes [Oxyphenols), —The oxyphenols have ngt been 
proved to occur in coal-tar, whilst in wood-tar they and their 
ethers are the most important constitifent^ especially pyro- 
cateclwl, C8H4(0H)2, hcrfnopyrocatechol, C8H3(CH3)(0H)2, the 
methylic ether of the‘former {guaiacot) and that of the latter 
{creosol). Pyrocatechol h|.s been* found by Bornstein {Berl. Ber., 
1903, p. 4324) in the products of gasifying coal at a low 
tempErature, by Gray {loc. cit.) in Scottish shale-oil. Spiegel 
(Ger. P. 68944 ofGewerkschaft der Grube Messel) isolated 
it from the tar-water of the bituminous schist at Messel, Rosen¬ 
thal (Z. angew. Chem., 1903, p. 221) from the tar-water of the 
lignite of the Halle basin. 

= OH. 

Both isomers have been found in the “green oils” obtained 
in the manufacture of anthracene by K. E. Schulze {Annalen, 
ccxxvii., p» 143). 

a Nnphthol forms brilliant needles, belonging to the mono- 
clinic system, smells similar to phenol, and has a burning 
taste; sp. gr. 1-224. It melts at 94° to 96°, #id boils at 278° 
to 280°. Sparingly soluble in ^t water, easily ih alcohol, 
ether, benzene, ^tc. Volatilizes with steam. A solution of 
chloride of lime with an aqueous solution of a naphthol causes 
a deep purple coloration and the separation of purple flakes; 
ferric chloride gives a white turbidity, soon passing into 
purple. j * -• 

^ Naphthol forms monoclinic scales, almost devoid of ^mell, 
of a burning taste; sj).^ gr. 1-217; melts ^t 122. to 123°, boils 
at 294°, volatilizes very_ little'with steam. Solubility like 
that of a naphthol; but chloride of lime cslv^s only a faint 
yellow coloratioT), »nd ferric chloride first ^ greenish colour, 
then the sepUfition of permanently •whit^ flakes! 


Anthrofa^td PheHanthrol, CiiHjdO, 

have b^rflbund, alfh'ough not separated in the pqje state^ in 
the ,,9^4icdimpanying anthracene by Noelting 1884, p 
36^ treating the porflon boiling above 300* with a solution 
of socfifim Itydrate. 
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Rosalie Acid, CioHjjOs, 


Syn. aurin. Discovered in 1834 by Runge' in coal-tar ;• after¬ 
wards synthetically pfepared simultaneously by Persoz ® and by 
Kolbe arid Schmitt,* but in a very impure state, by treating 
phenol with oxalic and sulphuric acids. Since then it has been 
examined by many prominent chemists; its coastitution, and 
even its formula, was only definitely established in 1878, both 
by E. and 0 . Fischer and by Graebe and Caro. The generally 
recognized formula for rosolic acid from phenol, which is 
probably the same as that contained in tar, is or, 

structurally. 



i.e,, a derivative of triphenylmethan^n which three hydrogen 
atoms are replaced by hydroxyl, acd from which one molecule 
of water is abstracted.* Hence it is formed if three phenol 
remainders can attach themselves to a carbon atom of the 
fatty series (methane carbon); and it actually forms an inner 
anhydride of the trioxy-triphenylmethane-carbinol. It is often 
assumed that its (prmation from phenol, oxalic aci 9 (^nd sulphuric 
acid is due to the liberation, from the oxalic acid, of COj, which 
in the nascent state give? up its oxygen to oxidize 4H of 
the phenol^, and attaches the remainders to the vacant bonds 
' of carbon, thus— 


SCe®6® ~ -)- 2 HjO. 

• , C. 

U^he accessory reaction^ which take plate in the formation 
of corallin— i.e., the crude product—cannot be eoticed here. 
Nencki*and Watson'Smith apd Staub * attribute the'form^tion 
of rosolic acid to the formic acid generated by the action of 
sulphuric acid'tipon phenol. ^ ^ 

We have.alreudy (p. 271) pointed^out that tjjaconditions for 
the formation of rbsolic acid are gil^en wl}.en, besides phenol 


> Pogg. Am., xxxi., pp. 65, st2; xxxii., pp. 356, 323. 

* Fr. P. 54910, of 2ist July i^6r. 

* Ann. Chem, Tkann., cxix., pp. 119, 169. 

* * Graeb^ and Caro proposed to keep the name aurin forithis^mpound, 
and to apply that of rosolic geid to the ^igher homologue, mSd^-Viin^ 
rosaniline; but tills has Aot been generally ^accepted. . f 

^ Per., 1882, p. 1578. ^ ‘‘jtCiem. Soc., 1884, p. y^. 
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itself, its higher homologues containing the methyl group CHj 
are present, and if at the same time mineral acids can act upon 
it by separating water; but there muafals® be an oxidizing 
action: thus— * 

^ CoHgO + CjH.^O + 3© = CjgHj^Oj + 3H2O. 

• ' 

Perhaps this explains why the reddening of phenol requires 
the presence of, air, as well as the reddening of impure 
naphthalene, which in any case contains some unchanged 
phenol; cf., however, p. 271. 

In any case it must be assumed that the rosolic acid found 
by Runge in coal-t-r was only formed JUy acid treatment of the 
products. (It h'^o»pq^et been proved whether a mineral acid 
is absolute!^ necessaryro*not.) He obtained it by exhausting 
the residue's from the distillation of phenol by water, dissolving in 
one-third of their weight of alcohol, and mixing with lime. Thus 
he obtaingd'a pink solution of calcium rosolate and a brown 
precipitate of calcium brunolate. From the former rosolic acid 
is precipitated by acetic acid, and purified by repeated solution 
in milk ofTTine and precipitation by acetic #cid till no more 
calcium brunolate separates. Finally, by dissolving .in alcohol 
and evaporating, a hard, glass^, orange-coloured mass is 
obtained, whose valuable dyeing-properties were very emphati¬ 
cally pointed out by Runge, but were first utilized a generation 
afterwards. 

That an oxidation process takes* place in this case seems to 
be proved by the Tact that slow heating of the heavy t»r-oils 
with lim6 hi the presence of air much increasgs the yield of 
rosolic acid.^ Angus Smith went even further, by heating 
phenol, caustic alkali, and manganese dioxide.^^ 


Srunolic Acid (?). 

^ • • 

Runge gave this c;gm^e to aij acid which he isolated from the 
lifown pre^itate filtered from the solution of galcium rosolate. 
It was an asphalt-Jite, glassy mass, undoubtedly a. mixture of 
.■tdifferent chftmical compounds. 

‘ Tschelnitz, JUiener Akad. Ber., xxiii., p, 169. 

“ (i^Aem. Gaz., i8j8, No. 20. 
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. Cumarone, CgHjO. 

Discovered by Kraemer and Spilker^ in the fraction of light 
coal-tar oil boiling between i68° and 175°, and isolated by 
means of its bromine derivative. Thej' obtained it in the 
following way;—Into i kg. qf tar-oil of the just-mentioned 
boiling-point, freed from phenols and bases, and staongly cooled,, 
450 g. bromine are slowly introduced, with constant jigita- 
tion, and avoiding a rise of the temperature above 0°. The 
oil takes at first a deeply red, afterwards a reddi.sh-brown 
colour, gives off some hydrogen bromide, and a yellow-white 
precipitate is formed which is at once separated from the liquid 
by filtering through gj^ss-wool. After standing twenty-four 
hours af -5° to —10°, again abopt 80^ V' large prismatic 
crystals are separated which are rj^^f^allized from chloro¬ 
form. Both these crystals and th^ initially-formed" crystalline 
precipitate are cumarone dibroraide, CgHjBrjO, which fuses 
at 86°. 

According to the Ger. P. 53792 of the Aktien-Gesellschaft 
fur Teer- und Erdol-Industrie, cumarone is prepared in the 
pure state from ^ese oils by precipitation with picric acid and 
decomposition of the picrate. 

Fittig and Ebert {An)talen, ccxvi., p. 162) prepared it 
synthetically by distilling cumarilic acid with Iftne, as a colourless 
oil, liquid at -18°, and boiling at 172° j;corr.), sp. gr. = 1-096. 
Its constitution is most probably • 


PH • * 

C„h/ ^CH = CH CH 


n 




CH 


I 

• I 


.\/\/ 

CH O 


GH 


Kompa {BerL Ben, 1893, p. 2969), effected a’snfooth synthesis of 
cumarone from o-oxy-a/-cfilorstyrolen 3 iby boilingith potassium 
liydroxide sojution. Dennstfdt and Ahrens {Berl. Ber., 1895, 
p, 1331) propose another formula. , ** 

In the presence of mineral 'Idds cumarone is^lymerized' 
into a solid, resin-lik^ substance of the* same coJtoosition, 
paracuMarone below).. It combmes with picric 
can be thereby separated from tar-^ils; the picrate is split ii| 
- ' ' Ber., 1890, p. 78 : Z. <tngnv}Ckem., 1890, p.^119. ‘ 
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by steam in the presence of alkali, and the cumarone j)asses 
over with the steam. 

In the presence of mineral acids cumarone is polymerized 
into a resinous body, pcfl'acumarone {Ber., 1891, Ref. p. 233). 
Cumarone has been reduced to hydrocumarone (Alexander, Ber., 
1892, p. 2409) and comb’ned with aniline (Bizzari, ibid., 1891, 
Ref. p. 369), the latter compound leading over to phenanthrene. 
This Substance is also formed by passing the mixed vapours of 
cumarone and beflzene through a red-hot iron tube:— 

.C8H„0 + QH„=C„H,„+H,0. 

Further work in this direction has been done by Dohme 
{Amer. Chem. p. 29) and Bizzari {Berl. Ber., 1891, Ref. 

p. 369). Similarly ntpljthalene and cumarone furnish 5 irysene. 
Most probably cumaron^piays an essential part in the formation 
of the higher hydrocarbons of coal-tar. These have been 
specially investigated by Stoermer (Chem. Zentr., 1900, ii., 
pp. 1071 and 1079), Stoermer and Boes {Ber., 1900, p. 3013), 
Kraemer and Spilker {Ber., 1900, p.'2257 ; 1901, p. 1887). 

Paracumarone 

(see above) can be directly sepyated from the Respective 
tar-oils in an impure state by agitating with 10 per cent, con¬ 
centrated sulphuric acid, washing the residue with water and 
alkali, and distillingthe pa/acumarone remains behind as a 
more or le.ss coloured resin. , It has been proposed to employ 
it in solution for rendering fabrics, p^per, or woo 3 impervious to 
water. 

Methylcumarones. 

Several of these have been prepared synthetically by 
Stoermer {Ber., 1697, p. 1700), and they have been proved to 
occur in coal-^r by Stqprmer and Boes {;Ber., 1900, p. 3013), 
and Boes {Chem. Zentr., 1901, ii., p. 1226). 

The recent investigfitions on the cumarones anS the products 
obtained ^ the decomposition of their polymers at high 
tetnper^iOs have proved that the latter occur also in coal-tai 
(Stogrl^'r, Chem. Zentr., 1901, iL, p. 122*6), and have le^'to the 
flBncIusion that most prbbably codl itsdf contains polymerk 
^lumarcjhes of a complicaf^ nature, and that the phenok pi 
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t 

coal-t^r are formed during the heating of the coal in the retort 
or coke-oven by the decomposition of such cumarones (Russig). 

These methyj cumarones are (Stoermer, Berl. Ber., 1897, 
p. 1700) 

(*) 0) r 

/-Methylcumarone, CH^C-gHjO, colourless oil, boiling at 

197° to 199°; sp. gr. at 15°= 1.0467! * 

m m 

w-Methylcumarone, GHjiCgHjO, boiling at 195° to 196°; 

sp. gr. at 16°= 1.056. - 

(0) a) 

tf-Methylcumarone, CHj.CgHjO, boiling at 190° to 191°. 
w-/-Dimethylcumarone, faintly yellow oil, boiling at 221°; 
sp. gr. at 15°= 1-060. *' 

(;-/-Dimethylcumarone, boils at 22,tS<o 222°^sp. gr. 1-036 
at 16°. 

(j-wr-Dimethylcumarone, boils at 216°; sp. gr. 1-041 at 16°. 
Trimethylcumarone, boils at 236°, crystals fusing below 18°; 
sp. gr. 1-0205 at 21°. 

/)-Ethylcumarone, boils at 217° to 218°. 

' 13 Naphthofuran, Ci^HgO, 

has been found in coal-tar by Boes {Chem. Zentr., 1902, i., 
p. 1356). White needles fusing at 50° to 5?°, boiling at 284° 
to 286° C. Constitution : 


(^) 


i-O-CH ^(I) 



liiphenylene Oxidei^^^, •• 

obtained by Lesimple, Behr ^nd van Dorp| Graebe, and other 
chemists from phenol an^ other njatcrlals. Afterwards dis-, 
covered in coal-tar by Kraemer and Weissgerbe»*,(.ff«r., 1901, 
p^) 1662), after Kraemer and Spilker had made itS^presence 
therein-probable already in 1890 {Ber., 1890, p. 328i]t^!Uls 
found in the Crude ftuorene fractiot^'of heavy coal-tar in abolj^" 
the' same quantity at its isomers, cumarones, in the correspond- 
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ing fraction of light oil, and is most easily ascertained by.fusing 
fluorene with caustic potash which yields 12 per cent, of its 
derivative diphenol, C'ljHjjOj. Diphenylrfne (jxide forms snow- 
white flakes, with a blue flliorescence, melting at 86° to 87° and 
boiling at 275°-5 to 275°. Its formula is:— 


\ / 
0 


It is very stable* against oxidizing and reducing agents, and 
does not acquire any colour in daylight. Its presence in the 
high-boiling fractions of coal-tar is a great impediment to the 
preparation of fluorene, phenanthrene, etc., in the pure state. 


Dlo.^Ql^henyl, CiaHjjOu, 

was found by Spilker (Ger. P. of the Aktien-Gesellschaft fur 
Teer-iind Erdbl-Industrie,'Nos. 111359, 124150, and 130679) 
among the products of the carbazol melt in the purification of 
anthracene! Kraemer and Weissgerber {Ber., 1901, p. 1662) 
found it among the products of the alkaline fluorene melt. This 
body had previously described by Barth {Ann. Cheni,, 

clvi., p. 96), Limpricht (cclxi.,p. 332), Hodgkin^n and Matthews 
(/. C)um. Soc., 1882, i., p. 168) as o-f-biphenol and 2,’2'-dioxy- 
biphenyl. Diels and Bibejgeil {Berl. Ber., 1962, p. 303) found 
its fusing-point at ioj°, the boiling-point at 325° fo 326°. It 
is abundantly soluble in water and forms with it a hydrate, 
fusing at 70° to 71°. 


Xanthene, CjjHjjO, 

the anhydride of o-dioxydiphenyl-methane, has^not yet Ijeen 
isolated ^om coal-tar* but according to* Weger {loc. cit.) its 
presence is made probable by the proof of the existence of 
(?-dioxfdiphenylnjethane. 


SyLPHiJKETTED COMPOUNDS. 

Hydrogen sulfhide, HjS. 

AmmoniSm sulphide, (NHJjS. 

Ammo^hm sulphocyanide, ^NHJN'CS. 

Sulphur dioxide, SOj. 

All of these must ocfur in coal-tar,’ as they are always 
present! in gas-liquor (<36 the preceding chapter). 
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. . 1 

!• Carbon disulphide, CSj. 

Boiling-point 47°.^ Sp. gr. 1.272. It was found in crude 
benzol by Vincent and Delachanal;i it had often previously 
been assumed to exist in tar, as it is always found in illuminat¬ 
ing-gas. Watson Smith found 6 per cent, of CS.^ in the first 
runnings of rectified benzol from‘London gas-tar. H. L. 
Greville prepared it on the large scale from the calcium- 
sulphide purifiers of gas-works.“ 

Ahrens {Ckem. Zentr., 1906, i., p. 510) found in the first 
runnings from coal-tar a sulphuretted compound similar to, but 
not identical with carbon disulphide. 


Carbon oxysulphide^^OS, 

has not yet been found in tar, but is sure to exist dissolved in 
it, since all conditions for its formation are present. It is a 
colourless gas, smelling of carbonic anhydride and slightly of 
hydrogen sulphide, of very faintly acid reaction. It is extremely 
inflammable, and with sufficient oxygen yields COj and SO.,; 
with insufficient oxygen, or on cooling, it yield*, ei.ly CO, and 
S:COS-hO = C6,-hS. 


, Thiophen, C^H^S. 

This substance was discovered in cbmmercial benzol by 
Victor Meyer in 1883,* and thoroughly examined by this 
chemist, his disciples, and 'other chemists djiring the following 
years', so that V. Meyer could as early as 1888 publish a book,' 
Die' Thiophengruppe,, giving a synopsis* of over a hundred 
various publications. Thiopfien occurs in every variety of " 
coal-tar benzol^up.to 0-5 per cent, (also in lignite oils‘),and is 
the cause of spme colour-reactions pre'Vio'usly ascribed to 
bepzol itself by Baiyer, •'Classen, an» LaubenReimer.* It can 
be isolated b;^ the peculiarit)^ that it is mo're soluble in con¬ 
centrated sulphuric acid ,thaji bei^cfi.* According to the , 
prescription of .Schulze {Berl. Ber., xviii.^ p. 697)51 commercial 
“ pure ’’ benzol is well agitated with one-tenth part conopntrated 
sulphuric aci(^^ the black ^acid-tar is separated, *diluted^ vith 

^ \Coii^(es rml>, Uxxvi., p. 340. * A Soc. Chttn. Ind, 1883, p. 48^.; 

* 5 /r.^‘ivi,, p. r46s. */Wrf., xxviii., p, 493, I f: 
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water and steam passed through, when crude “thiQphen” 
(containing 30 per cent, pure thiophen) distils over. 

This is dissolved in ico parts petreleum-spirit, and the 
solution is agitated with one-tenth of its volume of concentrated 
sulphuric acid, w'hich takes out the thiophen as a sulphonic acid. 
The latter is converted in'o.a lea’d salt, and this is distilled with 
one-fourth of* its weight of ammonium chloride, pure thiophen 
passing over. 

Thiophen has* also been synthetically prepared by Victor 
Meyer and Sandmeyer^ from ethylene or acetylene and boiling 
sulphur, and by Volhard and Erdmann from' sodium succinate 
and phosphorus trisulphide; also in several other ways. ’ Its 
rational formulaws :— •* 

CH—CH 

• il II 

CH CH . 

\ / 

S 


Its formation in the distillation of coal in the gas-retort is 
explained by the observation of Victor Meyer and A. Calm 
{Bcr., xviii.. p. 517) that it is also formed when joal-gas is passed 
over pyrites or ethyl sulphide contained in a red-hot taibe; 


CH,.CH, 




CH = CHv 


S = 3H,+ 


. 

[ = ch/ 


Thiophen is a colourless mobile liquid, of a faint, not very 
characteristic smeli- It boils at 84°; sp. ,gr.‘at 18° =1-062. 
Its chemicaj properties are a real “mimicry” of those of 
benzene. •It is insoluble in water, miscible in all proportTons 
with'benzene and petrolpum-spirit, soluble in concentrated 
sulphuric acid with dark brown colour. Alk{ili».do not change 
it; it can be distilled over sodium without b|ing decomposed. 
Nitric acid act'^violentlj?<6pon it, and*forni a nit*ro-compo4nd 
which is easily reduced to an, amide-compoupd. It gives 
several bolour-reactior*one qf ttie best is the blue colour 
produced b^ nitrosulphuric acid (Liebermantj, Ber., 1887, p. 

3231)- ;'* •* . 

methods for estimating and removing thiophen»will be 
dwcribed in Chapter XI.**, ’ * 

I' j^erl. Btr., xvi,, p. 2176.* 


* Ber,, xviii., p. 454. 
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Ac9ording to experiments made by Rambousek {Concordia, 
igio, p. 450) air containing 0-03 to 0-05 parts in 1000 cart be 
inhaled for an hous without producing any symptom of 
poisoning. ’ 

Methylthiophen {Thiotolen), CjHjS, 

discovered by V. Meyer and Kreis {ier., xvi., pp. 1624, 2970; 
xvii., p. 787) in commercial toluol There are two isomers': 
a Thiotolen boils at 112° to 113°. 

j 3 Thiotolen also boils at 113°; sp. gr. of the mixture at 
i8°=i-Oig. The thiotolens cannot be extracted from toluol 
by means of sulphuric acid, buf this can be done by treating 
the toluol with iodine''and mercuric oxide at the ordinary 
temperature, whereby thiotolen iodide is formed which can 
be reduced by sodium and absolute' alcohol. 

a Thiotolen boils at 112° to 1313' and on oxidation by 
potassium permanganate yields a thiophenic acid of the fusing- 
point, i 26°'5. If it is mixed with a solution of phenanthrene- 
quinone in glacial acetic acid, and sulphuric acid is added, 
with good cooling, a dark green colour is produced; if 
the liquid is nov’ diluted with water, well cooling, it imparts 
a fine purple colour to et]jer (Laubenheimer’s reaction). It 
has been synthetically prepared by Fittig’s method from 
thiophene iodide, methyl iodide, and sodium: 

C4H3JS + CHJ + 2Na=C4H8(CH3)S + 2NaJ. 

Kues and Paak {Ber,, xix.^ P- 5 - 55 ) have effected its synthesis 
. from ,’evulinic acid and phosphorus trisulphiSe. 

Thiotolen also boils at 113°, but on oxidation with 
permanganate it yields j8-tliiophenic acid, fusing at {36°. 
'When treated with phenanthrene-qhinone, etc., as described 
supra, it imparts to fcther a blue colour. It has Ijeen synthfitically 
j obtained by. Vrflhard qnd Erdmaijn by distilling • sodium 
. pyfiovinate with phosphorus trisulphiier o 
■ 

Dimethylthiophen \Thiojleit), CjHjS. ^ 

The mixture of the various isomeric tHiexens was pbtained 
■ by'K. Schulze xvii., p. 3852) from xylol-p'arifyin^ acid 
, by distillation with steam, ’ Messinge'n (fWi/., xviiL, p. 563 SS' 
: 1^36) prepared it in a pure state, jfitt {ibid., xxviii., pj 1807) 
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anti especially Keiser (ibid., xxix., p., 2560) proved that the 
thioxen from coal-tar consists of several isomers. Four isomers 
are possible, all of which have been synthetiiallyjobtained, viz.:— 
(i) a-a thioxen (Ruffi, Ser., xx.,p. 1748) and Paal xviii., 
p. 2252). Boils at 135* to 136° aijd in Laubenh'eimer’s reaction 
it gives a stropg reddish-ptirple colour. 

{ 2 )^a-^^-thioxen (inetathioxen'), prepared by Zelinski (ibid,, 
XX., p. 2018). Boils at 137° to 138° and yields a dark purple 
colour in Laubenheimer’s reaction. 

(3) a-^-thioxen (orthothioxen), prepared by Paal and 

Puschel {ibid., xx., p. 2559) and Grunewald {ibid., xx., p. 2585). 
Boils at 136° to 137°; yields a purple cojpur in Laubenheimer’s 
reaction. % . 

(4) P- 0 -ikioxen, prepared by Zelinski {ibid., xxi., p. 1835). 
Boils at 136* to 137°, gives tl^ same rf action as the last. 

Trimethylthiopheti, CjHjjS. 

The a-/8-,8 modification has been synthetically obtained by 
Zelinski {Ber., xx., p. 2025). Boils at 160° to 163°. Not yet 
found in coal-tS^, but sure to exist there, "^he same holds 
good of 

'Fetramethylthiophen, Cg HjgS, 

prepared by Zelinski xxi., p. 1837). Boils at 182° to 184". 

Derivatives op Thipphen. 

• 

Very many of these exist, like those of benzene, but none 
of them ha^re as yet beea isolated from cc^l-tar. ‘We mention 
biophen} C4H4S2; dithienyl} Cg*H5S2; 'trithienyl} CjjHjSj; 

tkionaphjhene} CgHjS; and thiophtene} *• 

• '• 

*Diphenyl^e sulphide, 

is indicated by Kraemer and Weifegerber {Ber., 1501, p. 1662),' 
as occurring in the higfi-lJoiling Tractions of coal-tar, together 

^ Levy, J. (Hem. Soc., Ixii., p. 216, 

“ Schmidt and Schulz, Ber., xvii.; 

® Renard, exit, p. 79. ^ 

^'Gattermann and Kockhart, Ber., xxvii., p. 2808. 

‘ Bie.deimann and jScobson, ibid., xix,, p. 2444. 
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with the analogous'oxide (p. 284), but it has not been isolated 
in the pure state. It seems to be the cause of the reddening of 
crude fluorene apd plienanthrene when exposed to sunlight. 


Mercaptans, ' ' 

or similar sulphuretted compou'nOs having a disagreeable 
smell, are probably present in coal-tar. The “ alliol ” of which 
Mansfield stated the boiling-point to be yo" to 80°, and of 
which he obtained 30 to 40 g. from 50 litres of tar, is perhaps 
a mixture of such compounds, although carbon disulphide 
might be also contained in it Vohl {Dingl, po/yt. /., clxviiL, 
p, 49) has found, in crude benzene, sulphuretted bodies boiling 
below 80°. 


Methyl mercaptan. 

CH3 . SH, 

boils at 

20° 

Sl>. gr. 

Methylic .sulphide, 

(CH3)»S, , 

»» 

41° 

0-845 

Ethyl mercaptan. 

CjHs. SH, 


36° 

0-831 

Ethylic sulphide. 
Etc. 

(C 2 Hj>,S, 


91° 

,.0-852 


Cf. also Ahrens {Chem. Zentr., 1906, i., p. 510). 

Ftee Sulphur 

has been fpund by Kehlstadt^ in the distillates of coal-tar. It 
is probably formed from SOg and HjS under the action of 
water. 


Nitrogenized Compounds, 
a; Basic 

Ammonia, NHj, 

has been already mentioned as ammonjium sulpTiide and sulpho- 
,cyanide. If occurs also ar carbonate, and forms the most, 
important constituent of gasJiquor, 'A" colourless gas, of the 
well-known pungent smell, sp. gr. 0'S888, condenses at —40° to 
a<-liquid, and solidifies, at -70°. Its ready solubility, in water, 
the strongly basic properties of this solution, etc., are universally 
known. , ' ' 


‘ Ber ^ 1880, f. 1345. 
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Substituted Ammonias 

of the fatty series probably occur in gas-liquor, and consequently 
in tar. We shall only quote the boiling-pflints, etc., of the 
lowest members. , 

Methylainme, NH2(CH..), is a gaS. One vol. water at I 2 ° 
absorbs io 4 Cfvols. of it. *11 is inflammable, and smells both of 
fish and ammonia. 

Dimethylainin^ NH(CH.,)2, boils at 8° to 9°; readily soluble' 
in water. Smell strongly ammoniacal. 

Trimethylamine, N(CH3)3, boils at 9°-3 ; readily soluble in 
water. Smells of ammonia and herring-brine, in which it 
occurs abundan^y, .» 

Ethylamine, NH2(C2H5), boils at i8°-7; readily soluble in 
water, 

Diethylamine, boils at-sy^-s ; readily soluble. 

Triethylamine N(C2H5)j, boils at 91 °; little soluble. 

The higher members and the extremely numerous mixed 
amines cannot be noticed here. 

Kohler ^ingl.polyt.J., 1889, part 2) discusses the occurrence 
of substituted altimonias in coal-tar. 

Trobridge (/. Soc. Chem. Ind.,^igog, p. 230) deseribes the 
basic compounds^ found in the tar from Otto-Hilgenstock 
coke-ovens. 

' Cespititfe, CjHjjN, 

is a base of unknown constitutios, isqperic with amylamine and 
boiling at the samt temperature (95°). It'was discovered by 
Church and Owen. A colourless o|l of strong smell, but <iot 
so digagretable as that tf amylaqiine ; reSdily soluble in water, 
but not in concentrated solution of caustic soda. Lighter than 
water. • Church ^nd, Owen suppose it to ftmtain a trivalent 
radical (CsHJ"; Fritzsc^e thought 1^ had fdlind Jt in coal-tar, 
but Goldschmidt aqd Censtam consider Frftzsche’s cespitine’to 
be their pyridine hydrate (see hfelow). This agfees with the 
observations made in mv^aboratory. 

Aniline, CjHj. Nlf^. 

Syn. phenylamine, ai<f!(Jobenzene, etc. • Discovered in 1826 
by’ Un'verdorben; found in coal-tar in 1834 by Runge (who 



292 PROPERT^ES OF COAL-TAR AND ITS CONSTITUENTS 

'b 

called ‘it kyanol). A colourless liquid, rapidly turning yellow, 
then red or brown, of a peculiar faint smell and burning taste. ’ 
Solidifies at —8° (aAording to some .statements, not even at 
— 20°) and boils at i82°;’-the vapour burns steadily. Sp. gr. 
at i6°= 1-020. It possesses poisonous'properties, especially 
for smaller animals. Water dissolvq? about 2 ppr cent.; and 
aniline dissolves some water itself. Readily soluble in alcohol, 
ether, acetone, carbon disulphide, hydrocarbons, etc. It dis¬ 
solves sulphur, phosphorus, camphor, rosifi. The aqueous 
solution has only faintly basic properties, and does not even 
turn red litmus blue; but at a higher temperature it expels 
ammonia from its salts^ whilst in the cold it is precipitated by 
ammonh. With chloriJe of lime it turns purjlie (this has been 
explained by Raschig, Z. angew. Chem., 1907, p. >2071, by the 
formation of an indophenol); with potassium bichromate and 
sulphuric acid, blue. Its aqueobs solutions precipitate the 
oxides from the salts of iron, zinc, and aluminium. With the 
mineral acids it forms salts which are readily' soluble in 
water and alcohol and readily crystallize ; they are white when 
quite pure, but redden quickly in the air and, acqc;ire a faint 
smell. ' 

Immense as is the importance of the aniline made from 
coal-tar benzol, its direct occurrence in coal-tar is of small 
moment. In that substance it is practically only an impurity, 
from which the hydrocarbons mu.st be freed by acid treatment; 
neither does if seem feasible fo extract at a profit the small 
quantity present in coal-tar. • 

Probably the basic substance which, former inquirers ex¬ 
tracted from ‘ coal-tav, and which yielded the characteristic 
reactions of aniline, contained only a small percentage of 
real aniline. < 1 

According tcfiWatson Smith,* aniline occursjn all distillates 
of coal-;tar, principally (as might be expected from its boiling- 
point) in the light oils of sp. gr. o-yoo to i-ooo. Eugen Oehler 
\Z. angew. Chem., 1899, p. 561) found lii^ also in browncoal tar- 
oils. , . . 

" The homologues of cniline {toluidine, etd) have(,not‘yet been- 
found if! coal-tjar, but it is .most likelv that they are contained 
in it' ' V ' 

‘ J. Chem. Sec., 18)4, p. 853. 
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Pyridine Series. 

This series includes a number of bases of the formula 
from pyridine to viridine. They are characterized 
by the “pyridine nucleuV’ which is quite analogous to the 
benzene nucleus, but Contains N,in lieu of a threevalent group 
CH. They,are very sUtble, even towards oxidizing agents. 

They^occur chiefly in the tar-oils ol sp. gr. 0-900 to 0-990. 

The pyridine bases found in coal-tar have been 
investigated by *A. W. Hofmann {Ber., 1881, p. 1497), who 
describes as a general reaction for these bases the characteristic 
smell which they produce when treated with methyl iodide and 
caustic potash. These bases and the quinolir.e series are of 
very great importance, since,it has been proved that th#’natural 
alkaloids araiderivatives of pyridine, and some compounds, very 
useful for • medical purposes (e.£'.‘ antipyrine), have been 
synthetically produced from* them. 

Stiihr {J. prakt. Oie?;;., xliii., p. 153) obtained the bases of 
this series synthetically by the action of ammonium sulphate on 
glycerine. 

Pyridine, C5H5N. 

Di.scovered by Anderson in bose-tar, by Greville'Williams 
• in coal-tar. Haussermann (private communication) found as 
much as o-i per cent, in commercial 50-per-ceftit. benzol, 
and 0-25 per cent, m the ^oluol made from this. Ahrens 
and Dennstedt {Ber., 1894, p. 601) found it in coal-gas; 
Rosenthal {Cheni. ^ieit., 1890, p. SJ'o) in oil *from lignite; 
Loof {Ber., 1893, Ref, p. 710) in wood-tar; Haitinger (Sits. 
Ber. Wient Akad. IViss., July 1882) and Asboth* ^eit., 

1889,' p. 871) in some sapiples of contmercial amyl alcohol; 
Monari,aiid Scoccianti {Gass. Chim., xxv. (i),p.»»i5 ; Berl. Ber., 
1895, Ref, p. 329J in*the products from roastiqg coffee; Garrett 
and S my the {jTSoc. Ch^. Ind., 1902, f. 398^) in small quantities 
, in the bases of Scotch shale-oil. , , * 

The synthesis of pj^i^ine has npt yet been effected to any 
notable extent. Rampy {BerL Ber., x., p. 736) asserted having 
found it on ^ssing* acetylene and cyjnliydric acid through 
!'-red^-hctf tubes, formed the equation 2C^2 + ®NH=; . 
GjHjN.^but Ljubawin (ijfeilstein, 3rd ed., iv.,p. 10^ could-not 
confirm, that reaction. is important for recoenisine tho 
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• 

relation between pyrrol and pyridine that Dennstedt and 
Zimmermann [Berl. Ber., 1885, p, 3317) converted pyrrol 
into pyridine Ijy bating it with potassium alcoolate and 
methylene iodide. * 

Its structural formula is; 

• « 

CH 

CH 
N 

ind it presents very great interest as the starting-point for a 
ong series of important derivatives. 

Pyridine is a colourless, mobile liquid of ptnetrating smell, 
dp. gr. at o° = 0-9858; boils at ii6“-7 (Anderson) or 115° 
Thenius and Weger). It solidifies at —42°. Sp. gr. 0-978 
It 15°. Miscible with water in'all proportions, and repre- 
npitated by caustic potash or soda. Turns red litmus blue, ■ 
jives off white vapours with hydrochloric acid, precipitates 
;he salts of zinc, iron, manganese, and aluminium. Resists the 
iction of fuming nitric and chromic acids. V^th 4 he acids it 
"orms stable safes readily soluble in water and alcohol, which 
:an be dried at 100°, anti hardly turn brown in the air. 
^ongerichten {Ber., 1899, p. 2571) has described a reaction 
)n pyridine by a dinitrochlorbenzene. _ Helch {Chem. Centr., 
[902, ii., p. 146) describes some reactions for distinguishing 
jyridine from, other bases, praeutigam {Chem. Centr., 1902, 
i., p^ 466) states that by a solution of tannic acid in 25 parts 
water very little pyridine (i efioco) can be proved by the 
formation of^ precipitate. , • • ^ 

Pyridine, in a solution of i : 700, coagulates albumina, and 
is therefore a'!itr«ing bactericidal agent. It is recompiended 
IS a healing agent for the stings of hornets^ and qven as a 
remedy against the’tendency to drink!, 

Pyridine, according to Bedson (/. See. Chem. Ind., 1908, p, 
[47) and Donatb (Z. angem. Chem., I9db,'p. 657), has a solvent 
iction on.the “•bitummous” constituents-,of coal-fhr?, leaving a 
•eSiidue of almost coke-like chafteter. 'This property may 
jossiblJ' be tujned to important technical purposes, if a proper 
ise is found for the" substances'thwl-extracted from foal, for 
Instance for the purification of anthlracene. 
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Goldschmidt and Constam 1883, p!2976) found in 

the mixture of bases obtained from coal-tar a molecular , 
compound of pyridine and water, C5H5l^3lJ20, sp. gr. 1-0219, 
boiling at 92° to 93°, smelling similarly to pyriHine,and perhaps 
identical with “ cespitiee.” 

The physico-chemical properties of mixtures of pyridine 
and water hale been thoroughly examined by Hartley, Thomas, 
and Applebey (/, Chcm. Soc., 1908, xciii., pp. 538, 561). 

’'Mackenzie (/. I%d. Eng. Ckem., 1909, p. 360) states that 
commercial pyridine always contains picolines and water. The 
latter forms with pyridine a definite hydrate, boiling at g 4°-4 C. 
This hydrate has very little solvent action on bituminous 
matters, and its presence materially impairs the solvent powers 
of pyridine. ^ 

Pico line {Mcthyl-pyrvdine), . C H 3. N. 

Syn. odprine. Isomeric with aniline. Discovered by (Jnver- 
dorben in bone-oil by Anderson in coal-tar. Ihlder (Z. angew. 
Cheni., 1904, pp. 523 and 1670) and Frese [ibid., 1903, p. ii) 
found picoHnes in lignite-tar, Einhom and Gilbody [ibid., 1893, 
p. 1414) in tar from bituminous schists. A colourless, mobile 
liquid of penetrating smell. Boils St 135°; sp. gr. at 0° = 0-96l3 
(Anderson), at 2?° = o-933 (Thenius). Its solubilitj^, salts, and 
basic properties resemble those of pyridine. Coal-tar picoline 
is no doubt a picoline, viz., orthomethyl-pyridine (Goldschmidt 
and Constam); but -y pyridine^ is present in small quantities 
(K. E. Schulze, Bef., 1887, p. 413), and Mohler [ibid., 1893, P-' 
1414) proved also the presence of j8 picoline. y picolinc,has 
also.been isolated frbm these, oils b^* Ahrens [Ber., 1905, 

P- 155 )- 

Tht isomeric.piqolines are: 

a-picoline. Soils at y^-5 (edrr.), s{# gr. Q-952 at*io°. 

j8-picoline, boilS at 143-5 (corr,), sp. gr. 0-9726.^ 

-y-picolene, boils at *^2-5 to I44;5 (corn), sp. gr. 0-9742. 

d-picoMne can b§ obtained approximately ptfre by fractional 
distillation (Weger). According to Mackenzie [tbc. cttl) Ihe 
picolines are even bettei^lvents for indi^-rubbee than pyridine, 
even better than carbon dT|ulphide. 
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Dimethyl-pyridines [Lutidines), CyHjN. 

The first lutidine was found in tar-oils by Anderson {Trans. 
Roy. Soo., £din.,fXx^p. 246) in 1851, and other bases of the 
same composition were discovered in diflferent materials by 
Greville Williams {Chem. Soc.,Quart. J. fj], vii,, p. 97); Church 
and Owen {Phil.-Mag. [4], xx., p.'wo), and Thcnius (Inaug. 
Diss., Gottingen, 1861), Much later it was proved by the; work 
of Ladenburg, of Lunge and Rosenberg, and by K. E. Schulze, 
that these bases are mixtures of isomers, of which 6 dimethyl- 
pyridines and 3 ethyl-pyridines are possible, and mostly also 
known. 

All six theoretically; possible isomers are known. 
a a* lutidine, 


y 

/\ 

■/ 

1 ^' 


CH, 


\ 


CH, 


\/ 

N 


has been isolated from coal-tar oils by Lunge and Rosenberg 
{Berl Per., 1887, p. 409), by K. E. Schulze {ibid., 1893, p. 1414), 
and by Ahrens and Garbow {Per., 1904, p. 2062); from the tar 
of bituminous shale by Einhorn and Gilbbdy {Z. angew. Chem., 
1893, p. 1414). Boils at 142°, smells like peppermint. 

.ay lutidine has been 'isolated by the game. Smells like 
cucunfber; boils at 156° to 157°. 

4 /3 lutidint has b^en found by Ahr^'s {Chem. Zeetr., 1906, 
j., p. 510) in the comme<-cial “o' ,j8 Piepline” sold by the Erlcner ; 
works. It boil^.<it 162° to 163°; its picrate melts at 182°, and 
is almost insolubl^ in alcohol. * ’ 

^ lutidihe has Ijeen proved in cOSl-tar oils. In the fraction 
* boiling between 150° to 170°, Ijy Lunge and Rosenberg. 

* (3 y lutidine was isolated from coal-Ja« by Ahrens 1896, j.: 
p. 2999); boils at i 63°-5 to i64°-5. 

^/S' lutifline has been only synthetically'produced ; boils at 
i' 69° to j,70°. 


The 3 etnyi-pyriQines nave oegfi ooiaraea oy syntnesi?; « 
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their presence in coal-tar is not probable. Boiling-point 164° 
to 166°. 

Collidines, CjHjiN. 1 

Twenty-two isomers a*re possible, of which only a few have 
been proved in coal-taf. 

The symn^trical collidmo (a-y-a trimethyl-pyridine), 


CH3 



N 


. •• 

was found by Lunge and Mohler {Her., 1888, p. 1006) fn coal- 
tar, after haft^ing been previously .synthetically prepared by 
Kraemer {Ser., 1870, p. 262^ from Qthylidene bichloride and 
ammonia. Boils at 171° to'172°. More soluble in cold than in 
hot water. 

a' (8 y trimethyl-pyridine was found in coal-tar, with the 
former, by Ahrens {Ber., 1896, p. 2999). Boils at 165° to 168°. 

Parvolines, CJf„N. 

Six of the 54 possible isomers are known; in coal-tar only 
tetramethyl-pyridines seem to be present (Diirkopf afid Gdttsch, 
Ber., 1890, p. 1110). I'he par^voline boiling at 188°, stated by 
Thenius to occur in coal-tar, was not found by Ahrens {Ber, 
1895, p. 795), but he^obtained anothei^ boiling at 232° to 2^4”. 

Ctridines, 

That indicated by Thenius, boiling at 211°, was not found 
by Ah>ens; the ^baje obtained by Theniu* was probably a 
mixture. • A siqjilar base^as been fecund bv'Zalgziecki (Ber., 
1892, p. 732) in Galvpian •petroleum. 

RuKdine, CyH,jN. 

Discovered by Xh’enius. A coburless oil of fjint sm^Jl, 
boils at 230‘’,'turns viscid at —17°, insofuble in jvater,-soluble 
iii alcohol, ether, etc. gr. at 22°=i-ei7. ft precipitates 
Sbme oxides from their salts- Its salts do not crystallize well,. 
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c * . 

and twrn pink in the air; chloride of lime turns it pink; it 
stains pine-wood moistened with hydrochloric acid a red colour. 


Viridine, 

Discovered by Thenius.- A yellowish oil, of sweet aromatic 
smell; boils at 251°, and is not soliSified at — if. Does not 
colour in the air; very little soluble in water. Sp. gr, at 

22°=I'024. , 

Neither rubidine nor viridine have been found by Ahrens in 
coal-tar, and their existence cannot be considered proved. 


Quinoline Series. 


Quinoline contains a benzene nucleus attachedto a pyridine 
nucleus. It was first .investigated by Greville Williams 
(/. Che 7 n. Soc. [2], L, p. 375), and Sas recently become of much 
more importance, since some of its members have beep synthetic¬ 
ally prepared and have found practical application. 

The theoretical study of quinoline has been principally 
advanced by Korner ((Trtj’i'. C 7 «>»., xl., p. 548). ^ 

Kornpr considers them as derivatives of naphthalene, in 
which one of the CH groups is substituted by nitrogen. He 


CH CH 


CH 

CH 


^ CH 

, ' 

. /\ 

\/. C \/ • 

CH N 


founds this view^on the synthesis from allylasiiline and* hydro- 
c^bostyril, knd on, the fact that quinoline, oif being* oxidized 
under'certain conditions, thp- benzene nucSeus being split-up, 
yields a pyridine-carbonic acid corresponding to phthalic acid. * 
The synthesis of quinoline and its derivativas was affected 
by Skraup from glycerine, nitrobenzeiie> and sulphuric acid., 
{Monaish., i., p. 317,' ii., p. 141); by Dolyier Miller {Ber., 
xiv., pi 2812; ^v., p. •3075; xvi., p. frohi aniline, paralde- 
.hyde.and hydrochloric acid; by Fsiedlander {Ber., xv., p. 2573;' 
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xvi., p. 1834) from amidobenzaldehyde, acetaldehyde, and 
sodium-hydrate solution; by Knorr (Ber., xvi., p. 2595) from 
aniline and aceto-acetic ether. • 

Quindine or Leucoline, CjHyN. 

Discovered in 1834 by*Runge. It was assumed for a long 
time 1;hst the “ leucoline ” found in coal-tar was not the same as, 
but only isomeric with, the “quinoline” obtained from cin¬ 
chonine; but it was shown by Iloogewerf and van Dorp 
{B£r., 1883, p. 425) that they are identical. It boils at 239° to 
240°, and has a specific gravity of i-o8i, a penetrating smell, 
and burning taste. It is little solulilp in water, readily in 
alcohol and ether. With potassium-mercuric iodide if yields, 
even in very^lilute solutions (i; 3500), a yellowish-white precipi¬ 
tate, which \jn addition of hydrochloric acid turns into amber- 
coloured needles Found by Doebner (&r., 1895, p. 306) also 
in lignite oils and synthetically produced by Baeyer {Ber., xii., 
p. 1320) from hydrocarbostyril. 


Isoquinoline, CjHjN. 

Found by Hoogewerf and van porp together with the pre¬ 
ceding; boils at J36° to 237°; fuses at 20° (Weger). A new 
communication on that base by Weissgerber . 5 cr., 1914, 
p. 3175) confirms theii* results. 


Methylqiiinolines {QUinaldines), CjoHjN. 

Of the nifie possible isomers, most have been syntheticallj 
.produced.* The following have been projved to txist in coal 
tar;— 

a njfthylquinoline {quinaldine), 

• • 




\ / 


«10H, 


forms, according to E. Jacobsen and Reimer 1883, p. 1082)1 
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25 pe;f cent, of commercial coal-tar quinoline; synthetically 
produced by Doebner and v. Miller {Ber., 1881, p. 2812). 
Colourless liquid, strqngly refractive, boils at 238° to 239°. 

y 7 nethylgutfiolitic {lepidtne), finst obtained by Greville 
Williams from cinchonine. Smells like quinoline, boils at 
256° to 258°. Probably identical with the iridoline found by 
Greville Williams' in coal-tar, and .stated to boil*between 250° 
and 257“; sp. gr. at 15°= 1-072. 

Dmiethylquinolims, 

One of these has been found in coal-tar by Greville 
Williams and described as cryptidive, boiling at 274°; it is 
probably identical vvitli the 2, 3 or 3, 4 dimfethylquinoline of 
Berend {Her., xvii., pp. 1489 and 2716). 

Acridine, 

Discovered by Graebe and Caro {Ber., 1872, p. 1 5) in crude 
anthracene; reinvestigated by Riedel {Ber., 1883, p. 1611) and 
Bernthsen and Bender {ibid., p. 1802). Obtained b^ extracting 
' crude anthracerjp with dilute sulphuric acid,'’precipitating by 
potassium chromate, purifying the chromate by recrystallization, 
precipitating the base by ammonia, and recrystallizing the 
same from,hot water. Or the hydrochlorate is recrystallized 
and decomposed by ammonia. Acridine crystallizes in ortho¬ 
rhombic prisms, which are colodrless if very small, brown if 
rather large. ’It fuses at*in* (at 107°, according to Weger), 
distils above 360° without change, sublimes at 100°, and is 
caitied over Iqy aqueous vapour. It is s^ringly sSlufele in coldj^ 
more soluble in hot jvater, and readily so in ether, alcohol, 
carbon disulphide, and hydrocarbons. It possesses a faint 
alkaline reaction;’but even very dilute 9oli»tions of its salts 
'cause acute stinging whea applied to^he skin;"its dust in very 
‘ minute’quantity causes most violent snSezirig. (This property 
df acridine is* sometimes very inconvenient to the workmen in 
subliming crude anthracene;* especialfy in summ%r-time, when 
thjyhave to protect the skin of the face by^-ubbing fat upon it.) 
It has^a stropg destroying action'on infusoria,*especially in 
jsunlight (Raatf, Ghent, Zenir., 1900, i^ V 491,1135). Sulphuric 
' yiiAwirr., iSss^p. 550, 
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acid attacks acridine only at ?00°; hydrochloric acid and Austic 
potash do not attack it even at 280°; while zinc-dust, soda-lime, 
and many oxidizing agents do not act up6n i]| at all. Nitric 
acid forms nitro-compoundV With the acids it forms salts of 
a yellow colour, easily* soluble arid crystallizable; their dilute 
solutions fluorgsce strongly *v!th a blue colour, more concentrated 
ones green, but very concentrated solutions do not show any 
fluorescence. 

Acridine has Been synthetically produced by Bernthsen 
iBer., xvL, p. 1808) and E. Fischer [Ber., xvL, p. 1820; xvii., 
p. 101); cf. Riedel [Ber., xvl,' p. 1609). Graebe proved its 
structural formula to be: 

/\/l\/\ 

\.a1/'^„/ ■ 

N 

Mcthylacridincs have as yet only been obtained by synthesis ; 
cf. Bernthsen and Bender {Ber., xvi., p. 1808) and Graebe {Ber., 
1894, Ref. 641)* 

The hydrides of acridine have been found in coal-tar by 
Kraemer and Spilker {Ber., 1896, p. J^i), methylacridine hydride 
by Boes, who [CKem. Zeit. Rep., 1902, p. 308) has also found 
hydroacridine in anthracene oil, by extracting it with sulphuric 
acid and precipitating with water or extracting with ether. 
This compound has no basic pijiper^ies. 

Indol, CgH^N. 

This weak base, occurring in* small »quantities in human 
faeces, and formed in abundant quantities on^^ieating many 
indigo (fompounds*with zinc dust or tin and hydrochloric acid ' 
(Bayer, Ann. Chtm., Suppbf vii., p. 56), has been recently found 
in that portion of ctoal-tar oils which boils between 22(1° and 
270°. Its constitution i%- 

CH 

CH • 

CH 

CH NH 
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It for/ns shining leaflets, fusing at 52° and boiling at 253° to 
254° (corn), and is easily soluble in water, alcohol, ether, lignin, 
and hydrocarbons. It is oxidized into indigo by ozone, chromic 
acid, etc., and is‘hence of great importance for the synthesis of 
that colouring matter, also for that of certain odorifiers. 

Its preparation from coal-tar oils^is described in the Ger. P. 
223304 of the Gesellschaft fiir Teerverwertung in Duisburg. 
From the above-mentioned fraction of the oils the phenols and 
strong bases of the aniline, pyridine, and (Quinoline series are 
removed by well-known methods, and the remaining oil is 
treated at temperatures between 100° and 250° with caustic 
potash, sodium, sodium amide, or sodium in presence of 
ammoiiia. The potass‘ibm-indol formed; CgHj,<^K, is mechanic¬ 
ally removed from the remaining oil and defomposed by 
water. The indol is first obtained in the liquid form, but after 
the usual purification appears in Nie pure, crystallized state. 

Other Bases. 

G. C. Robinson and W. L. Goodwin (I'rans. Roy. Soc. Edin., 
1878, p. 561, and 1879, p. 265) have obtainfd th*e following 

bases frgm the “vitriol tar” of Scotch shale-oil;— 

« 

Tetracoline, CijHjjN, boiling at 29<j“ to 295' 

.Pentacoline, „ 305° „ 310° 

Hexacoline, C„HnN, „ . 335° „ 330° 

Heptacoline, , „ 345° „ 350° 

Octacoline, Ci„Ha,N. „ 360° „ 365" 

* • 

Probably other bases of still higher boiling-points are also 
prgsent in that tar. 

General Process jor preparing the Bases from Goal-tar. 

Shake a sufficient quantity of coal-tar Sil^with a mixture of 
Impart suljJhuric ^cid And 2 parft^water. “Repeat this, if 
necessary. After standing for some time,* draw off the clear 
liquid and boil it in an oppn vessel„or hi a current of steam,, 
until the mechanically present hydrocarbons hat* been driven 
off. (Pyvol would go away as well, but HSussermann has 
shown,»hat it^nust have been previously destroyed by tfieacid 
■ treatment) Pass through lineh clofnSadd all excess of caustic ; 
jsoda solution, and distil. The staam carries over the bases; 
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if the distillate does not contain a sufficient quantity of.these, 
saturate it with solid caustic potash (avoiding an undue rise 
of temperature) and decant the oily mixtuje of bases collecting 
at the top. If aniline is present, add cautiously fuming nitric 
acid and gradually heat up to boiling, whereby the aniline is 
destroyed. The other bases; resist the acid; precipitate them 
by adding w^ter, filter and saturate the filtrate again with 
caustic potash. The filtered oil still contains water which is 
removed by mean* of solid caustic pptash. This must be done 
completely, because otherwise the boiling-points of the volatile 
bases are greatly altered, and the treatment with solid alkali 
must therefore be repeated several times. Now fractionate 
methodically; sametimes twenty fractibnation.s are r|quired 
before products of constant boiling-point are obtained. 

Greville,Williams destroys the aniline and its homologues 
by beating with putassiun^ nitrileT and hydrochloric acid; 
otherwise he proceeds as above. 

According to a communication from Mr Haussermann, the 
preparation of bases with constant boiling-points is facilitated, 
at least for Jhe compounds of lower boiling-points, by employ¬ 
ing the crude hyjrocarbons of the benzol serios, which always 
contain bases. The 50 and 90 per gent, benzol of the British 
factories has been Jtreated in them only with a small quantity 
of sulphuric acid, and always contains thiophenes and bases. 
From these benzols, after they hav^ been fractionated in a 
Lavalle column into benzene, toluene, and xylene, up to 0-5 
per cent, pure pyridine can be*obtained (from* the toluene) 
..and 0-5 per cent, picoline (from the xylene). If this toFuene 
and xylen% isVeated \#i^h dilute sulphuric acid, the bases Sre 
taken" out and -recovered at oncef in the* pure state, since the 
single bases have been already separated by the fractionation 
on the*large scabs. 'Thiophen, thiotolen, and,, thioxen remain 
behind and can t)e extracted by conce]itrate,d sulphhric acid. , 

Instead of rerao'^ing fhe anilin^ etc, by means of nitn’e acid, 
or otherwise, Hauserniann removes it in the form of sulphate, 
by treating th* mixture of bases with dilute sulphuric acid as 
long as the'difficultly soluble aniline suljshate is segreted, and 
obtainj the cJther bases from the filtrate almost entirely free 
from aniline. 

The quantity of bases contained in coal-tar is pretty consider- 
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able. 'Since the pyridine bases have found an extended practical 
application for denaturing spirits of wine, they are recovered as 
a paying by-product in working up coal-tar, Kraemer has 
indicated a process of doing this on a large scale, and at the 
same time utilizing the waste sulphuric acid employed, which 
has been patented by the Chemische .’^‘abrik Aktien Gesellschaft 
at Hamburg (Ger. Ps., 34947 and 36372, of 1885), and to which 
we shall revert in a subsequent chapter. 

B. Non-Basic Compounds. 

. Pjyrro^, C,H,N. 

Discovered in coal-tar by Rupge, isolated in tlje pure state 
from bone-oil by Anderson. Prepared by removing the basic 
oils by dilute sulphuric dcid, andi the nitrites by boiling, with 
caustic potash, fractionating and converting the pyrrol contained 
in the fraction boiling from 115° to 130’ into solid pyrrol- 
potash, In coal-tar it is contained only in small quantities,and 
difficult to extract from it. 

Pyrrol is formed-in various pyrogenetic reactions. It has 
been obtained by G. Williams {Client, News, li., p. 15) by 
passing a mixture of acetylene and ammonia, through a faintly 
glowing tube: 2 CjHj-fNH3=C4H5N4-Hj. Its structural 
formula has been established by Baeyer = 

HC-CH ■ 

' ii II 

HC CH 

\/ ' 

, NH 

Hence it conta'lns.the nitrogen in the shape of an imide group. 
This has beqn ejfperimentally confirmed by Lubawin,,( 5 ^r., ii., 
p.'59),and by the synthesis of pyrrol oy Bell {Ber., xiii., p. 877) 
and Bernthsen {Ber., xiii., p. <1049) from succinimide by reduc¬ 
tion. Hence the constitution of pyrrcl'is analogous to the furan 
and thiophen compounds, and according to V.' Meyer {Ben, 
xvi., p, 2974) it shows in fact the colour reactions,, with isatine, 
phenantlirenqyinone, etc., characteristic for the thiophens: 

Pyrrol is a colourless liquid oP dhloroforra-like smell and 
burning t^te; boils at 133 °; sp. gr. i-op. Little sojuble in',; 
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water, insoluble in alkalis, readily soluble in ether and alcohol, 
slowly in dilute acids. In the air it turns brown, but is again 
rendered colourless by distillation. It tinges a piece of resinous 
fir-wood moistened with "hydrochloric acid, ^irst pink, then 
crimson. It is indifierent towards most reagents, but is perhaps 
Very slightly basic. No salts of it*are known. With potash it 
forms' a compound not decomposable by heat, but at once 
decomposed by water. With picric acid it forms a double 
compound from which, as found by Hooker {Chem. Zentr., xci., 
P- 354 )> tl^e pyrrol is already given off when drying it over 
sulphuric acid. Nascent oxygen forms hydropyrrols. By the 
action of chloroform upon potassium-pyrrol or an alcoholic 
solution of pyrrol and sodium alcholat^,‘the five-carboa,ring is 
converted irjfo a six-carbon ring monochlorpyridine being 
formed. , 

When dry, gaseous hydrogen chloride is passed into an 
.ethereal solution of pyrrol, it is polymerized into tripyrrol, 
which, on heating to 300° splits off ammonia and yields pyrrol 
and indol. The same reaction tatces place with the homologues 
of pyrrol (Qennstedt and 'Volgtlander; xxvii, p. 476). 

Metkyl-Pyrwls 

have been synthetically produced; found also in bone-oil by 
Anderson, by Ciamician and Weider(.iP^/'., xiii., p. 77), and by. 
.Dennstedt and Lehne(AV/'., 1899, pp. *1918, 1920, 1924),but not 
yet obtained from coal-tar. • 

Cyanogen Compounds. 

We have already mentioned ammanium sulphocyanide; 
more about it in Part II. According to "Vincent and Delachanal 
{Comptes rend., lx*xVl.,p. 340) tar contains alsrj methylic cyanide 
(aceto-nitrile), (?Hj—which under tpe actidn of alkaps 
takes up the, elemSnts of watpr.and yields acetic acid and 
■amnionia. They fouml kjn Paris benzol, together with carbon' 
bisulphide, in* that fraction of benzol which boils below 8o^ 
This has been confirtned by Heusler {^er., 1885, p, 615). • 

Mqfhylic cyanide boils^at 77°; sp. gr. 0-83 5... A coisurless 
liquid of peculiar, not disagi^eable smell, miscible’ with water in 
all nrnhmVinns and finrninixawith a Durole-bordered flattie. > 
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Similar compounds have been found in light coal-tar oils bj 
Npelting [Bull. Soc, Ind, Mulhouse, 1884, p. 461), who consider; 
them to be either methyl-isocyanide, boiling at S9°-6, or ethyl 
feocyanide, boiling at 78°-1, and ascribes to them the poisonoui 
action sometimes noticed with such light oils. 


Benzonitrile, CjHj, CN, 

has been obtained from coal-tar by Krnemer and Spilke: 
[Ber.. xxiii., p. 78)^ and is evidently the source of the benzoi( 
acid found by K. E. Schulze [Ber., 1897, Ref. p. 185) in thf 
residues from the manufacture of carbolic acid. It must b( 
present in coal-tar in Somewhat considerable quantities, as thf 
manufacture of benzoic acid,’derived from that nitrile, hai 
been patented by the Aktien-Gesellschaft fiir Teer- und Erdol- 
Industrie (Ger. P. 109122; Fr, ,P, 287934), which patent alsc 
describes the conversion‘of coal-tar benzo-nitrile into benzoic 
acid by saponification with caustic-soda solution of sp. gr 
1-4. Cf. Chapter IX., Degrez and Cambier [Ber., 1896, Ref 
p. 18s). 

It is a colourless liquid, smelling like oil of bitter almonds 
boiling 191'; sp.gr. 1-033 at o”. 


Carbazol, CjjHjN. 

Syn. imidodiphenyl. Discovered by Graebe and Glasei 
[Ann. Chem. Pharm., clxiii., ft 343; clxx., p. 88) in the’ residue 
from' the purification of anthracene by caustic potash (Cbaptei 
Vj I.), in which a combination of it with potash, decomposable 
by water, is contained It is* always an important Constituent 
of crude anthipcene. Its properties are very similar to those 
of a hydrocarbon'; like the hydrocarbons, it forms a compound 
wjth picric acid, fusmg at 182° in laa’ge red pi Isms, which may 
be employed for preparing pure carbazol. The latter can alsc 
"be purified by ftcrystallizing or subliming. It forms white 
scales or plates, insoluble in water, sparingly soluble in Cold 
alcohol, e1;her, benzene, chloroform, more to at hif'her tempera- 
tures,„and very soluble In pyridine; 100 parts of toluene dissolve 
at i6°-S assi at 100° parts;, IQO parts absolute alcohol 
-j-at 14° CS92, at 78° 3-88 parts. Fusing point 238“'; it sablimes 
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readily and boils near 355*. It dissolves in pure* cold sulphuric 
acid, the solution having a yelloy colour; the most minute 
traces of nitric acid, chromic acid, chlorin/s, or other oxidizing, 
agents produce an intense green colour. The clfief characteristic 
reactions are; the redicolour produced by HCi vapours on a 
firwood-splinter, soaked with the ilcoholic solution of carbazol; 
the blue colour produced with isatin and sulphuric acid; and 
' the crimson colour produced with a mixture of benzoquinone, 
acetic, and sulphuric acid. Water precipitates it unchanged 
from the cold solution in sulphuric acid; by heating, a .sulphonic 
acid is formed. Nitric acid yields nitro-products. Carbazol is 
not changed by heating with soda-lime, caustic lime, zinc-dust, 
etc.; on heating with potash-lime a pbrtion is deco(jiposed, 
ammonia beyig formed. It has no basic propertie.s, and forms 
no salts wjth acids, but a compound with acetyl and with 
potassium, in which the Jifdrogen" of the imido-group is 
replaced by acetyl or potassium. It is the imido-compound of. 
diphenyl: • 




C„Hv 


/ 


NH 


as proved by its synthesis from*aniline or diphenylatnine 
by Graebe {Ann. V/iem. P/iarm., clxvii., p. 125 ; clxxiv., p. 180) 
Several homologues and substituted carbazols have beer 
synthetically produced. • * 

A quantitative estimation ofc carljazol, according to Vaube 
(Z. angew, Chetn., fpoi, p. 784), can be made by titrating il 
in a solution in glacial acetic acid by means^ of bromine 
each molecule ,of carbazol taking up 2 jriblecules of bromine. 

Two i.someric Dimethyl-carbazols have been,obtained, bui 
not yet found in .coal-tar. Homologous and substituted car 
bazols hjtve bean obtain^ by Taubqj and towanherz ^{Ber. 
1891, pp. 1033 and. 2597) from benzidine,* tolidine, and th 5 ii 
amides. 


• Phenyl-^naphtkyl-carbazol, CioHuN. ^ 

Sytf. imidophenylnaphJhyL Discovered by Brunck is coal 
tar, examined by Graebe atyi Knecht(5#r.5 1879,^p.*34i, 2241) 
who obtained it also synthetically. Is'obtaineci by sublimin{ 
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the residue from distilling crude anthracene. Intensely yellow, 
but only by the admixture of some unknown substance; for on 
being fused with potassium hydrate it turns white. Almost 
insoluble in cold* very little soluble in boiling benzene or glacial 
acetic acid, more soluble in hot aniline. «Toluene and absolute 
alcohol, when cold, dissolve" next ^o nothing of it; boiling 
toluene dissolves 0-39 to 0'57, alcohol 0-25 per cent. The 
solutions have an intense‘blue fluorescence. It fuses aj 330°, 
and has a higher boiling-point than sulphur.^ Its behaviour to 
sulphuric acid, etc., resembles that of carbazol. 

The isomeric phenyl-a-naphthyl-carbazol (fusing-point 225°), 
and / 3 -naphthyl-carbazol (fusing-point 170°) have only been 
synthetically obtained.*' 


Free Carbon (so-called) 

is found in every description of coal-tar, partly owing to coal- 
dust or coke-dust being mechanically carried out of the retort, 
but mostly by the decomposition of vapours on the hot sides of 
the retort, as proved by Kohler (Z. angew. Chem., ig88, p. 577). 
Coke-oven tar contains much less free carbon than gas-tar 
(Kraem&r,/. Gasbekucht., Speculations on the forma¬ 

tion of free carbon in tar have been made by Bone and Jordan 
{Chem. Zek., 1901, p. 591). 

It is mostly estimated by treating the tar with indifferent 
solvents, especially hot benzene, fill nothing further is dissolved. 
The carbon fbund in Germafi coal-tar by this method varies 
from 7 to 33 per cent.; tar containing much of it is not easily 
sifeable, owing to the difficulty of d^tilling it "down to hard 
pitch without injuring the stills. It is, however, certaih that 
washing the tear or pitch with benzene, etc., does not yield 
really pure carbgn, but only substances silniter to anthracite or 
ajke.' Don&th and. Asrfel (Qm. ZA(t/r., 1903,'i., p. 1099) found 
in so-called free carbon 2-3. per cent. H,'37 N, 7-13 0 , .and 
only 89-2 per cent, real carjDon. ^ i • 

-Hodnrek(Owr. Chem. Zeit, vii.,p. 365) found ki Westphalian 
ceke-tar qti the average 4 per cent, bu 9 sometimes as little 
as 0-5 per cent, “free carbon," in gas-tar 20 to 25 py' cent 
His method Tor estimating the frge carbon, to which we shall 

rftfor in a fnllnwincr fKan fKaf 
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above, and always yields a smaller percentage, but probably 
correctly so. * 

We come back to “ free carbon ” in Chapiters V. and VI. 


Theory of* the FokmATion of the Constituents of 
Coal-tar. 

The fact that‘coal-tar contains principally aromatic sub¬ 
stances was long ago explained by the assumption that coal 
is a mixture of compounds of the aromatic series, especially 
since Guignet {Comp 'tes rend., Ixxxviii., p. 590) had proved the 
.non-existence o>really free carbon in*'tar. Baltzer {yiertel- 
jahrschr. d. ^iirchef luiturf. Ges., 1873) even went so far as 
to give hypothetical formulae for various descriptions of coal. 
This, of course, only shows .that coaf may contain complicated 
compounds, from which the constituents of tar are formed by 
■ splitting-up.» 

E. Mills (/. Soc. Chem. Ind., 1885, p. 325) holds that the 
process by,which cellulose, wCjHjjOs, is turned into coal is 
essentially one of^dehydration ; so that, for instance, by heating 
wood to 430° without pressure, the issidue has the coilfpositiort 
wCjHjO ; and he assumes that in any case the organic matter 
ifi coal, shale, etc., corresponds to an initial symbol «€, or 2«C,; 
• also that a definite rela’tion exists between the C of the fixed 
carbon on the one hand and. the C of the gas-(-tar on tlip other, 
in which C3 is alwaj's the fundamental unit. We must jefer 
for details to the original, merely pointing out two oversights 
in that reasoning (whfbh, of coujse, were guite vi^ll known*to 
the author), naftiely, that wpody fibre is ftot at all 
the formation of oxycellpjose, lignin, etc., havipgontervened, and 
that the |ormatiofl oT coal from woody fibre is anything, but 
a mere dehydrafing proce*lS, — COj, CO, CH4, and other carbon 
ipompounds being liberated at the,sanie time as .water. (The 
paper of Mills has been'yery adve);sely criticised by Dittmar, 
j Chem. Ind., 18^1, p. S12). 

Berthelot Jias, in-i number of papery published in the Am. 
: Chim. Phys., in 1866,1867,, 1869, and 1877, formulated com¬ 
plete theory of the building-up and the splitting-up*of iompounds 
iiy pyro^enetic reactions. ‘Complex compounds are fornied. 
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which'are decomposed into simpler ones, and these unite again 
to form higher compounds, thus producing a very complicated 
equilibrium among adarge number of hydrocarbons. Hydrogen 
largely enters into this series of reactions, both by being split 
off and by being added to other compounds. 

Acetylene seems to play a very important part in the 
formatioa of the substances composing coal-tar. According 
to Berthelot {Ccmptes rend,, Ixii., pp. 905, 947), on heating 
acetylene over mercury in a bent glass tube fip to the softening- 
point {i.e., to a dark red) there was produced, together with 
a number of secondary products occurring in small quantity, 
a large amount of benzene, styrolene, naphthalene, retene, etc. 
At a bright red heat another kind of decomposition set in ; then 
acetylene was almost completely split up into«its elements. 
Berthelot consequently regards benzene as trlacetylene, 

styrolene as tetracetylene, retenC as enneacetylene: thus, 

3C2H2 = CjHj, benzene <■ 

4C2H2 = CgH,„ styrolene 

9C2H2 - C]4H,„ retene, etc. 

The aliphatit substances likewise yield acetylene under the 
action of heat; and Berthelot ascribes the formation of aromatic 
compounds, always observed in this case, *6b the secondary 
'■ condensation of acetylene by itself and \yith other compounds. 

Similar conclusions afe arrived at by 0 . Jacobsen {Ber., 1877, 
p. 853)> who, ^besides acetyleqe, assumes its next homologue, 
allyl»ne, C3H4, to participate in the -synthesis. This is shown 
bj; the following equations:— 

‘ > ' . •' 

3C2H2 CjHjf benzene 

CjH^ = CfHj, toluene 
C2H2 + 2C3H4 = CjHiq, xylenes (th»ee)» 

1 mesitjjlene and peeudoctlmene. 

I * . • , 

Piis hypothesis would explain why, 

1st, besides benzene, only those hortiolbgues occur the lateral 
chains of wh^ch consist’of methyl 

t f ^ 

* Jacobsen himself haf had to modify this part of hil theory. In the 
Ber., {iie, p. 4515, he declares it to be‘'proved that coal-tar tontains 
benzene substitution-product^ with long* lateral chains, but he was not 
abld to obtain these in sufficient quantity Co identify them. 
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2nd, the metliylbenzenes found in tar-oil 'do not axtend 
beyond the tri-derivatives; 

3rd, of all possible tri-derivatives pnly mesitylene and 
pseudocumene are present; 

4th, all three xylenes occur in tar-oil. 

(The last is made clear, by th» graphic reaction schemes 
given in the original.) 

Allylene has not yet been observed among the"products of 
destructive distilljftion; but Jacobsen ascribes this to its easier, 
condensation, and to the difficulty of discovering small quantities 
of it mixed with acetylene. 

Even on Jacobsen’s theory the formation of the other 
hydrocarbons occurring in tar can Vnly be explaiyed by. 
elimination pf hycTrogen, as shown by Anschutz [Her., 1878, 
p., 1215). 

Anthracene and phenanthrene might also be formed by a 
condensation of ditoluene: 

2C,H,=CmH„+6H. 

It is an argun:;pnt in favour of Jacobsen’s theory that coal-tar 
has certainly been found to contain only methylated benzene 
homologues, exactly those mentioned by him, but neither 
cun:;ene (isopropylbenzene), nor propylbenzene, nor etbylmethyl- 
benzehe. It is trqf that oldef treatises enurflerate cymene 
(methyl-isopropylbenzene) as a constituent of tar, but\pon 
insufficient evidence;*50 that npwadays^cymen# is not ^n- 
siderfed to be»present in tar. dJut’siace K. E. Schulze has 
discovered tetramethylbenzene in coal-tar, Jacobsen’s theory 
can no longer b% tlpheld without some modification. K. E. 
Schulze fiimself 1 (^»«. C 4 <^.'/’^am.,ccxxvii., p. 145) has origin¬ 
ated another theory’as to*the formation of the hydrocarbons found 
in coal-tar. He beliave»the phenols tp be the primary products', 
and the hydnjcarbons to te formed *frora them by the splitting- 
off of the ’elements,<>t water. This theory has obtained sogie 
suppojt from the investigations of Kraemer {Anpakn, cljcxxix., 
p) 129); Kbhler {Ber., 1885, p. 859); and Stavel^ (C^«. Z«V., 
1889, p. 1108); Watson Snwth (/. Soc. Chetn. Ind,, 1883, p. 495), 
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on the..other hand, cites observations militating against .at least 
its general application. 

The hypothesis that acetylene is the principal factor in the 
formation of theboal-tar hydrocarbons does not harmonize very 
well with the researches of Vivian B. Lewes on the formation 
and behaviour of acetylene 1892, p. 384), according 

to which acetylene is formed only at the highest temperatures; 
while Bunte’'has proved (/. Gasbeleuckt., 18.86, p. 595) thaf most 
of the tar is formed during the first hour of the distillation of 
coal—that is, at a comparatively low heat. According to 
Heintr (ibid., 1886, p 294) the temperature of the gas-retort 
during the first hour averages 420°, after 3 hours 960°, and after 

hou|^ 1075° C. 

Haber (Ber., 1896, p. 2691) discusses the paff played by 
acetylene in the formation of benzene and other hydrocarbons. 
Heusler (Ber., 1896, p. 2773) believes that benzene and its 
congeners are mostly primary products of the dry distillation 
of coal; he was led to this conclusion principally by ids study of 
the behaviour of lignite and lignite-tar. 

Kraemerand his co-operators, Spilker, Eberhardt and Klotz 
(Ber., 1890, pp. 3169, 3268, 3276), have adduced important 
objectioiti against the theory that the' higher aromatic hydro¬ 
carbons are formed from acetylene, and in support of the theory 
that they ace formed from cumarone and styrol by condensing 
with the lower hydrocarbons, e.g .: 

P , 

Cumarone. * , Phenontlinne. 

cii / , ^ “ Qh,<^^)qh,+ch,..h, 

Tolnyl-a^yrol. , ^ Anthrwene,’ 

■if ^ 

They believe (ibid., 1896, p. 552) that thd pyrogenetic 
products ai;e principally formed from the 'criginaj products of 
decomposition < (methane, ethylene, .acetylene, formaldehyfetf 
and ammonia*), • by polymerizatios and condensc^tion wim- 
expulsion of hydrogen. As' the process continues one or more 
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ace^lene groups are replaced by phenylene groups, and thus 
we obtain the following series:— 

CH2 X- 

Cyclop^Udleno. ,r ludeM. PhioMUf. 

C2H2 CjHj C|.H^—C5H2 C„H^-—QH, 

v v-> -x/ \/ 

0 . O 0 

Furfuratie Cumarone, Dlphenyloiie oxid**. 

C2H3—C2H2 CjH, . CnH^—C^H^ 

\/ \/ ' -.x ' X -' 

NH ’ ^ NH NH 

Pyrrol. Indol. Cdrbajiol 

/CHx zCH. . ^CH. 

Dmizsift. NaphtliitonP. Aiitliraoene. 


etc. 


etc. 


etc. 


A ** 

Probably none of the above-mentioned hypotheses can claim 
general application, and possibly 9II those reactions*'are con¬ 
currently at work.in the formation of the exceedingly numerous 
constituents of coal-tar. 

K. E. Schulze observed (Ber^ 1S87, p. 409) that most ol 
the tar substances belong.to the »«/«-9ompounds, which are 
more stable than ortho- and para-confpounds, 

Russig (^. an^ew. Chem., 1899, pp. lAakes 

various objections to lire theoriee of Berfhelot, Jacobsen, and 
Kraemer, and develops a tjieory 6 f his dWn, according to which 
the formation of coal-tar must be explained ^y.the constitution 
of coal jfself, anfl iJy the decomposition ofithe complicated 
cellulose molecules exi^fig therein. 

Vivian B. Lewes (t'iid, p. 826)4Joints out that.tarry matters 
are sometimes formed dfluing the g^eration of acetylene frorti 
calcium c^rblBe, and^ benzol^can be proved to exist in the 
grubbing liqjiidy, wrfch facts point to tl^ formation of aromatic 
hydrotarbons by polymerisation of acetylene. 

Further papers on this subject are by Semmler’(. 5 sr., 1891* 
p, 204) ; Weger (Z. angewfChem.-, 1909, p. 338); K. E. Schulze 
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{Annakn, ccxxvii., p. 143); Kramers {ibid., clxxxix., p. 129); 
Kohler {Ber., 1885, p. 859) ; Staveley (C/rwi. Z«V., 1889,9. "08); 
E. von Boyen {Chem, ZHt, 1889, P- 905) ; Ipatieff (C/im. Zeit., 
i., p. 360); W. vo^i Bolton'(Z, Elektrdchem., 1902, p.' 866). 


APPENDIX 

Poisonous Property of Coal-tar. 

It is hardly necessary to say that coal-tar has strongly 
poisonous properties when it gets into the human body. But 
even its action on the s'kin is decidedly injuribus, and leads to 
bad skin-diseases which are sometimes confusgd with the 
“ acne,” a sort of itch, occurring at electrolytic chlorine-works 
(where very much tar is'used for-protecting the apparatus). 
Russig, in Chem. Ind., 1902, pp. 238, 432, has drawn attention 
to this. It is also treated by .Rambousek in A paper on 
injurious gases in industrial work {Z. Gewerbehygiene, Vienna, 
Vol. IX.). At paraffin works it is called “ paraffin^ itch,” and 
seems to be identical with the chimney-sweeps’ cancer, several 
times mentioned in the English factoiy inspectors’ reports. 
Especially in the manufacture of 'pure anthrasene this trouble¬ 
some disease has been frequently nbticed, but by insisting on 
cleanliness on the part »f the workmen it may be avoided 
altogether. 

shall treat of “"pitch cancer” in Chapter VI. - 

Graf {Prometheus, 1914, p. 124) reports on chroriic poisoning 
by benzol vapours; ,^Iso, on-morbid'^shenomena saused by 
.coal-tar pitch in consequence bf photodynamic Action; and on 
tumours in th»-urethra in the case of men employed jn the 
manufacture andjuse of aniline colours.' 



CHAPTER II* 


'processes for obtaining coal-tar 
A. The Production of Coal-tar at the ^as-works. 

Formerly nearly the whole of the coal-tar was obtained as a 
by-product in the manufacture of ordinary coal-gas for illu-. 
minating purposes, and foynerly, therefore, the denominations 
“(Coal-tar” and “gas-tar” were practically identical and were 
ly)th in constant use. Nowadays the quantity of tar obtakied 
as a by-product in coke-making and from blast-furnaces has 
enormously increased, and, on the othe^ hand, that due to gas- 
making has decreased, owing to the extension of carburetted 
water-gas, etc. Since thus the manufacture of coal-tar from 
other sources has become practicable, we must call “ gas-tar ” 
that particular kind of coal-tar whici^ is obtained in the process 
of gas-makin|[ as an involuntary by-product, tcf be.sharply 
distinguished from coke-hven tar, blast-furnace tar, water-gas 
tar, and o^-gas tar. 

It is not within the scope of this treatise to givb a descrip¬ 
tion of the ordinary, contrivances for condensing the tar, whicli 
belong entirely to the domain of gas-making.^ It is sufficient to 
pjention that the constituents of Jthe tar esc^p from the gas- 
retorts ’h*fjie form of vapour, with a> little solid free carbon in 
an extremely finely divided state; tHfey are precipitated in the: 
ly^draulic main* ifi Jhe condensers'scrqbbers'^tc., in a Iftjuid state, 
gt the same time as the arflAioiiiacal liqupr is /ormed. In one. 
articular,instlnce,* of t’OOparts'of tar altogether obtained, there' 
was found di- 6 dn th® hydraulic m^n,1i'6 in tfie conjJenSer, 
in the scrubbers.* The Jar ^rmed in the hydraulic mainfis,' 
pobreiiya the more volatife ptpduqts thafl that forgiedi 
jotidensets "ind scjAbbers, and is cotri^gifentlf mticfij 
Schultz, St*ir^thlent)if*r,*i'a& ad., t., p. 43 . • AT’ 
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'^icjcer fean the-latter; but it is usual to mix all these de|p-ip 

ifiSns of tar in the cistern Vh*e they collect, .^ojg with the 
ammoniacaWiquor. 

■■ ’ The quantity, and to a much greater exten^ the quality ot 
the tar are influenced by tthe nature of' the r^v) material 
and by the temperature at which the decomposition of the 
coal is carried on* Some coals at lowf temperatures yield 
l 6 *gall. of tar, with gooo cub. ft. of gas per ton of coal, whilk 
It high temperatures the same coal yields but g gall, of 
ar, with about 11,000 cub. ft. of gas.' If the temperature 
3e comparatively low, mostly such hydrocarbons are formed 
IS belong to the paraffin (methane) series, having the general 
'ormula along with olefines, C.Hj,, The lower 

members of these series are liquid, and, furnished in the pure 
state, are lighting- and lubricating-oils; the higher ones are 
solid and form commercial paraffin. They are always accom¬ 
panied by oxygenized derivatives of the benzene series (phenols^: 
but of these the more complicated ones predominate, in some 
of which methyl occJhs in the benzene nucleus, in others 
replacing the hydrogen or hydroxyl cresol, CjH^(CH3; 

(OH); guaiacol, C8H/OH)(OCH*3); creosol, CoH3(CHs) (OH] 
(OCH3), etc. Liquid products prevail; and among the water) 
ones acetic acid (which is jgain a compound of the fatty series' 
is paramount. Of course also permanent gases, are always giver 
off, though in comparatively small qujntity. 

If, on the other hand.the coal has bfcen decomposed at aver) 
high temperature, the molecules are grouped quite differently 
Whilst th? tlefines and members of the acetylerye series jstil 
occur moje or less, the hydrocarbons of the paraffin series dis 
appear almost jijfirely ; and^from them are formed on the oni 
hand compounds itiucl^riaher in carbon, on the other^l^nd.mor 
highly hydrogenized‘boiSes. iThe latter always occur'in th 
g^eous state; hentt the ^as so produced coiTt^ps methane b 
marsh-gas, CH4, and free hydtogtft as principal constituent! 
and is ?er)» much increased in quantity." The <Arbon thus se 
free is parti)?*deposite’chin the retdrts themselves, and then ocqpt 
in.a very compact graphitoidal foj*; so*me of*the free carbo 
occurs in a'stattf ofjsxtremely fine division iii tjje tar, ajd form 
a constituent*0#-the pitch or coke^miyning^ehin^ from tai 
i Davis^^iSr. Spem. Jitii* 1886, p.^. 



^iltilling; anotfier portion cofltribu{tes''to the formertieh of co'm- 
pbuikis ricjjeiin carbon, belonging to the “aromatic” series, all | 
of‘which areWerived from benzene, QHj. At the same time-; 
the action bflheat effects further molecular “condensations,’' 
usually with separation of hydrogen, by which pftjcess compound? 
of a higher molecular weight are form^ed, as naphthalene, 
anthracene, phenanthrene, chrysene, etc. The never-absent 
oxygen must also in this case cause the formation of phenols; 
but here pl^enol proper, or carbolic acid, C8H5(0 H), predominates, 
whilst cresol and the other homologues are diminished m 
quantity, and the dioxybenzenos, as well as their methylated 
.derivatives, disappear altogether. 

This is illustrated, for instance, by the statement in Kerl* 
Stohmann’s Chemie, 3rd ed., vol. vi., p. 1162, according to 
which Zwickau glance-coa] yielded the following quite different, 
products, according to whether it was put in a cold retort ancj 
gradually brought to a red heat (a), or distilled quickly from a; 
very hot retort {U ):— 




a a. 

h. 

Coke . ' . 

. 

00 

s° 

Water 

. 

107 

T1 

Tar . 

» 

. 12 

10 

Gas and loss 

. 

17 .I 

3^-1 


The tar from a consisted of photijgen, paraffin oil, lubricating- 
oil, paraffin,’ and creosote; that from b, of bedzene, toluene, 
naphthalene, anthracend (together with heavy oils corresponding, 
to the paraffin and lubr*cating-oil), and much creosote. 

Bornstein (quoted in Bertelsmann’s Llhrbuch der 
Ltuckigasindustrie^ i9ii,,vol. i., p. 39, obtained entirely different 
results in gasrniaking from Westphalian ^oal, if, pn the one 
hand, he carried out the process jlpwly and %t Jow temperatures 
(about *4^0°), or, on the other hand, quickly and at high 
tempOTafures ^'iioo° to 1200*C), Is proved by the following, 
figures 


Obtained from iCw 
grama joal. 
Water 


’ Afc460*. M 1100* to 1200*. 

43 grams ^ 51 gj-Jhns 

Tar t 7S-3 »„ ' 52 „ 

Gas * , *43-4 litres 40-8 litres 

Coke ' . 142.8 grams 66^ gtams 

Tfie tar ob*^iMed at 4^° was brown a*nd .aity*; it .confained^ 
!'j. . I xylfeppls; the ^^s-liqupr, besgies ' 



i ?0E (SBt'AIJitlKG i»AL.TAfi 


‘M 

:^nt 41 ned pyridine bases, ^Jienol, and pyrbcatechine. But'^e 
^tar obtained at noo° to I200°*was deeply blai, .viscid,* arid 
vStrongly-impregnated with free carbon; it.CMtained much 
pitch, benzene hj^drocarbons, naphthalene, and 'Athracene and 
• cognate substances, but only fraces of aliphatic liydaocarbons. 

Similar differenges were observed in the composition of 
the^coke, and even more so in that of the gases, as follows:— 


• 

At 460 % 

At 1100* to ISOO*. 

Carbon dioxide , 

. 3«8 per cent. 

2'5 per cent. 

Heavy hydrocarbons . 

• 5-6 


S-o*^ ,, 

Carbon monoxide 

• 3-8 

»> 

9-0 „ - 

Hydrogen . 

- 17-3 

n 

47-0 „ 

Methane 

• 57-3 

» 

34-0 „ 

Ethane 

• i 5;2 

jj 

>•* 

Nitrogen 



2-5 .. 


Behrens 1 found that the tar objtained in the distillation 
of coal in the ordinary fireclay gas-retorts was much richer 
in benzene, toluene, naphthalene, etc., than the tar made ii^ 
Pauwels’s coke-ovens from the same kind of coal. The latter 
is of less specific gravit/ and contains more liquid (paraffinoid) ■ 
hydrocarbons, also far more substances soluble in alkalis, but 
hardly any carbolic acid. We shall further on treat in detail- 
.of the differences between tars obtained in various processes 
of coal-distilling, carried ^n for other purposes than gas¬ 
making. • 

The same cause explains the diffeS-ence between the tar of 
wood-gas works, that of wood-vine^r works, an^, that of 
qharcoal-heaps {Meilers). The former, produced at a very 
high tempdratuj-e, is black,- thin, smells alpiost like coal-tftr, 
and centals muclj, real phenol, along with benzene, toluene’ 
naphthalene, etc^ ^ The tar obtained at a* lower temperature 
especially that froift thg charcoal-heaps, contains mosljy ccesol' 
and paiacol in ^ce df phenol, and paraffin instead of 
nappthalene; it ha"? a lighter brown cofouf ind a much 
milder smell. 

A fufthe* dificjciicc uctwcen oistinaticm at high and at low- 
temperatures Is stated »o oonsistin the feet that most of the ' 
nitrogen appears in the former casi the Shape of aniline and'- 
lat^y^ amines ^(etltyfamine, propylamine, amslanjine); in thS 
l^er case in* (^t of bases of the {jyridine defies, alpng^wl^ 

ccjriij* p. 362. 
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Jpicoline, lutidinb, viridine, etc. But' this requires to be Verified 
by ^more detailed investigations. 

DifferencesLamong the tars from various raw materials.— Of 
course it is’ r^t possible to obtain the above products in any 
, desired quality fr6m any one of fhe raw materials here alluded 
to, merely by altering the temperature, of the destructive 
distillation. It had, for instance, been doubted whether jeal 
benzene can be obtained at all by dirSct distillation from more 
recent deposits, as peat, browncoal, some sorts of bituminous 
shales, etc. This matter has been cleared up by Heusler {BerL 
Ber., 1892, p. 1665; 1895, p. 448), who proved that the distillate 
from lignite between 80° and 93° contains 34 per cent, benzene, 
and that between 100" and 110°45 percent, toluene; healsofound 
the higher .homologues up to cymene, naphthalene, thiophens, 
ketones, nitriles, and naphthenes; whilst in Scotch shale-oil 
he could find only traces of benzene and toluene, and no 
naphthalene at all. At all events, these materials can ifl no 
case serve for a profitable extraction of benzene and the other 
aromatic hydrocarbons. Wigan canlel coal, if used alone, 
instead of, as is usual, being mixed with less bituminous coals, 
yields tars containing, so much paraffin that no tar-distiller will 
take them (Watson Smith). On the other hand, photogeq, 
paraffin oil, etc., cannot be profitably made from coal by 
distillation at a lower temperature; ^ for cases like that of the' 
Zwickau coal, mentioned above, do not furnish a rule for 
industrial practice, whicfi has proved that even among brown- 
coals only certain light, earthy descriptions (“ Schiyeelkohle ”) 
are adapted for the manufacture of lighting-oils. ‘ But we shall 
see that it is at least in our power, hy subsequent oveifheating, to 
^plit ;up the fatty products (jJai'j.ffins) from browncoal and 
petreliun. to a great extent, into'gaeps and aromatic com¬ 
pound?; and ^to tljis, no doubt,,the’illum^ting-power of oil¬ 
gas and tfie gas*n;ade fnom petroleufli-residues is mainly duo. 

Our present task lies Vnly* with the .treatment of real coal. 
■We must remember that •at a lower temperature le^S permanent? 
.j|asM and morymetljflated/JprjvatWes (toluene, xylene^highen 

* iToressor .uittmar, ot uiasgow, intonns me wat.aDout 1675,* at, 
oils formuli^ were m#de by thf distillat^h of J 

lew temperaturft • But no doubt this was canael coal, which- iiifi 
iSlit;ie^’ft‘occtipiM a place b«ween/esl%(^lfmdtnose re'Ant fossiSl. , ;® 
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“re more gases, along with benzene, 
v^phthalene, anthracene, and far more free carbon, »re formed 
At very high lemperatures the tendency to compl^ dissociation 
becomes far more pronounced; the products Aproach more 
and more to free carbon on* the one hand,'anjfree hydrogen 
on the other; but this end itself is never actually reached at 
the.temperature attainable by us. Most gas-engineers try above 
everything to get as mftch gas as possible out of the coal and 
therefore distil at the highest possible temperature. Up to a 
certain point this is quite rational, and is even unavoidable from 
the nature of the material now universally employed for gas- 
retorts, VIZ., fireclay. This point seems to be reached when the 
fatty compounds are split up as far as possible before any 
considerable separation of free carbon has taken place. Beyond 
this point more gas will be got, bu,t its lighting-power will be 
less; the tar will at first contain rather less anthracene, and more 
naphthalene, which has much less value, also more phenanthrent 
pyrene, chrysene, dipheiryl, etc., which are at present valueless • 
so that its value on tlft whole will be less. There is also a 
reduced quantity of tar, if the temperature in the retorts is 
raised higher. The separation of free carbon in the retorts and 
Jbe tar is a so largely increased. In England the usual tempera- ' 
ture of working seems nowjto be about i loo® C. (2000" F.). 

For the temperature of working at some German gas’iworks 
bchaefer {Etnrichtung und Betrieh eines Gaswerkes, igio a ovol 
gives the following figures:— ' ' 

(a) Horiztn^al Rttorts (Mannheim). 


I.eft'8ldJf 

IOll», 


ItetorU. 


Ciiotre. 

1078’ 

.I03E" 


Biglit side. 
7007 ° 


(b) Slanting Retorts, 

* ^orts. 


Ltft aide. 


}ygbt^ide.' 

mf 


f'nrnace. 

1309° 


Centre. 

1*256° 


Centre. 

1070° 
i^ 5’44 • 

{Q).eokffurtt<ut (Imp. Cont. Gas.sAastc., Berlin), 

» Above^the^rrtorts . 1231101464 

Closeljabove^thc producer 128a a, 1464 

• id. Jib 

UstAu^eneflue. 


Sldei. 

1184 
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Properly speakirrg, it should bef experimentally as’certaifted' 
(and that jpr|every class of gaS-coal specially) at what tem^h- 
ture the thkimum of lighting-power is obtained, even if 
concentrated In a smaller volume of gas, and also at what 
temperatuse we can get a maximum yield of'benzene, toluene) 
phenol, and anthracene in the tar. Probably the two, maxima 
will not coincide; and it will then be a matter of business 
calculation whether the one or the other is to be workecf for. 
It is evident that the market prices of the tar-products will 
influence this consideration largely, and that any diminution 
in the price of gas. will turn the scale in favour of richer tar. * 
Experiments in this direction have been*made at the Testinjj 
Station of the German Society of gas- and water-engineers. 
They show for Saxon gas-wal, carbonized at various tempera¬ 
tures (stated in the first^column), the heating-values and the 
lighting-power (per loo kg. at o° and 760 mm.). 


Furnace 

temperature. 

Heabing'valne 

Lighting-powor 
or the gae. 


Upper. 

Lower. 


1050“ 

6iif 

5503 

14-56 

1165° 

5830 

5313 

12-84 

1180° 

5815 

5220 


I aoo° 

5675 

5033 


1210®, . 

5S60 

5101 

11-65 

1250° 

■ 

5633 

5031 

9-82 


This proves that with the rise of temperature on carboniza¬ 
tion the heating-values are increased, but the lighting-power of 
the gas obtained is lowered to such an extqfit that ,the greater 
yield-of gas cannotimake up for the loss. ^ 

■ i^^uite certain that the coihfosjfion'of coal-tar was very 
diffet’ent from what it is noweat ths'tim’e when coal used to be 
distilled in,Ast-irbn retorts, necessarily iTa. considerably Igwer. 
temperature than the attove-pientioned iioq° C., which applies 
to fireclay fttorts. 'The higher temperature existiilg in the 
letter, is certaiuly to some ejflent countSfBalanceS by the actioA 
of the exhauster, which s:^ias#s the gases to remain a»shorter< 
contact with the heated sides^*of the* retort. Thif;* 
exhaust^ also jn*kes the^tar thicker, by carrysrf^ awaj<-ft-go(^.’ 
deal *of*coal-du{t from fh^ retojt iii 4 pjechanical y/ay. 
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^”^‘’'®®°’ P- 559; states tharas 
.^.d«t.llat.on.tem^rature .Vincreased the tar. decreases 
alighdy in quSntity, but increases in specific gr&vm Above a 
certain temperature, which differs for each kill bf coal, the 
trouble caused by thick tar stripping up pipes-, eti, prevents thV 
gas-making process <fom being carried on. In the average of 
gas.,works the distillation-temperature is ks high as can be 
conveniently attained with the present form of gas-making 
pIant,so that there is practically no margin for any reduction in 
he output of tar by the employment of higher temperatures. 

The following table serves to illustrate the variations in the 
i-olume and weight bf tar (and gas) yielded by coals distilled at 


Dewrlptlon of Coal, 


Derbyshire Black Shale, No. i 4 

Derbyshire Black Shale, No. 2 .' 
■ ” » » 
Notts Top Hard Cannel . , 


is. 


very high 
normal 
very low 
very high 
norm^ 
very low 
jonaal 
very low 


is 


7,856 

il,J 90 

! 10,400 
7,563 
9,853 
7,135 


Gallons of tar 1 
per ton. I 

> 

h 

i 

so 

Poimds of tar per I 
ton. 1 

r 

10,63 

1*210 

138-62 

5'74 

... 

1.185 



n.50. 

M45 

*31-67 

5-88 

12*01 

1*207 

144-96 

6.47 


1,185 



14.38 

1.136 

163-35 

7-39 

21*32 

1-147 

344-S4 

10*92 

33-81 

Mih 

265.72 

11-86 


rS- experiments «,ere con¬ 

ducted m clay retorts with the ordinary form of gas-plant. The 
expression rformal temperature” means the^highest practicaHy 
and continuously ftossible in a modern gas-works; by “vS 

r composition; 

^='- 72 '0 = ii.S 9 ;“ash«= 2 ,o 6 
yielded,jOn carbonizatiorf, fcfr each ‘igo kg.«of tar fr_ ^ ’ 

Atibput 8oo»q: 64.7s kg-^t^and ^43 litres tan 

,.grav. i-p, wlith^about 15 per cent free cvbpn • 

sVvlitres ^ar^pec 

gtav, j«207, wrth about 24 or 30 oer cent Tree carboh. ' . 



Thf same writer (J.'Soc^Ct4mtlnd., im,^. $9) tfxatain^ 
tke comptfeilSon of tar, yielded by the same jfind of coal 
tC = 8i-92; mF5-39; N = i- 28 ; S=i- 97 j 0 = 6-88 ; ashes = 2-s6) 
‘at different Carbonizing temp^atures, between 6oo° -and' 
8oo'’C.;—• ‘ 



Z. 

ZI. 

III. 

zv. ' 

V) 

Cubic feel oPgas yielded per tonl 
, of coal . . . . J 

Specific gravity of tar . 

6600 

7300 

8900 

10,163 

11,700 

1086 

1.103 

1.140 

I-I54 

i-3e6 

Composition'* of tar per cent, 
weight 

Ammoniacal liquor. • 

1*30 

1*03 

104 

1.05 

0-383 

Crude naphtha 

9-17 

9-65 

3-73 

3-45 

0-995 

Li^t oil .... 

10.50 

7-46 

4-47 

2-59 

0-567 

Creosote oil , 

16-45 

35-83 

37.39 

37.33 

19-440 

Anthracene oil .. a. 

30.33 

15-57 

18-15 

13-77 

13.280 

Pitch. 

38-89 

36-80 

41-80 

47-67 

64-080 


We see that with the rise of temperature the yield of naphtha 
and light oil sinks from 20 per cent, to 1-5 pfer cent, and that ol 
pitch rises from 29 per cent to 64 per cent The, yield of benzol 
from the crude naphtha (boiling up to 100° C.) fell with the 
rise of temperature, whilst naphthalene increased. The crude 
' naphtha of tj^e light tars contained hp to 5-0 volume per cent 
of liquid paraffins, that,of the heaviest tar only i-p vol. per 
cent Anthracene seegis to be former! mostly at medium 
teraperatiires; the maxinium, 0-370 per cent, was found in tar 
: of spec. ,grav. 1-140, whilst the lighter and hea>;i?r tars cqn- 
Hamed less of it 

. "^his Agrees with Kraemer’s experience (_/’. Gasbeleucht., 1887, 
*1?-,,^8495j to which tar •distillers pr^efer the tar frotn 

■ smaller |;tis-works, whose retorts a^e ilred with coke, to that 
from large ga%.w»rks, provided with ga^i^oducer fires and 
,-working at Highes temper^tjures. ^ 
f Watson §mith (/. Soc, Chetn, Ind.f 1889, p. 950} relates 
,.ifenflar observations. With therise of ^loperatnpe^he found in 
itheitax'more likphthalene aadoanthracene. The carbolic acid 
f\*|)peared not merely in tlS? middle oils, but ^Iso.in. the^heayy 
Jf^ls, Stem whi^'it can bj- recovered by* Lowe’s B. P., 50 05, 

H^enistpchf (/. G(»stekucXt.,^i^KU, 6175, aitributeS tfie 
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notorious' difference betweeti gas-tar and coke-oven tar with, 
respect of their contents of free carbon and other {jroducts of 
pyrogenetic decomposition to the fact that in (pke-ovens the 
escaping vapours do not attaip temperatures.abcwe 600° C., and 
that they are moreover protected against decomposition by the 
dilution of the heaviP vapours, slowly given •off from the interior 
of the coal block, with ^he fire-resisting gases escaping at the ^ 
same time from the outer zone of the block. On the other 
hand, in the case of gas-retorts, the heavy vapours escfape at once 
undiluted by the fire-resisting gases which are set free after¬ 
wards, and the hc^vy gases are thus exposed td the white 
heat of the upper part of the retort. If, however, according 
to the proposal of Vivian B. Lewes, producer-gas is introduced 
into the gas-retort, such a dilution takes place at once which 
will produce a smaller quantity of tal", which is, however, richer 
in oils. 

I^drnstein has also worked on the formation of tar from coal 
at comparatively low temperatures (C 7 rrr«. Zeit,, 1904,927; Z. 
Elektrochem., 1904, 1863; /. Gasbeleucht., vol. xlix., pp. 627, 648, 
667; Bcr., 1906, 1238). When coal, is slowly heated up to 450° 
C., neither aromatic hydrocarbons nor phenols are formed, but 
methane homologues and pyrocatechine. In that case coals 
from more recent strata yfeld tars below the specific gravity of 
water, older coal-tars heavier than water. The gas produced 
at the same time contains but littlcifree hydrogen, most of 
which is forpied at higher temperatures by the decomposition of 
methane hciriolpgues and the formation of aromatic hydro¬ 
carbons. The tar produced below 430° from'coal contains some* 
of the higher (“ hard ”) paraffins; also isomethylantli. acene and 
a hydrocarbon c&ifi-esponding to “ cracken,” CjiHjg. 

Influence of the shape ofphe Retorts. —Even when the disfilla- 
tion of coal,is carilvd out at higher temperatures for the purpose 
of braking ordinary coal-^s, the qqmpositioii of ‘the tar may 
vary very much 'according to the shape, of the,, retorts used, 
which causes •.‘'he. vapoyrs |o h^ve more or less action on the 
hot maSerial of the retort. This is proveef by experiments made 
with fiueb's vertical retorts,'which'have recently attracted a 
gre at (je al of ayentton (Ger. P. 167367; f.pflsbe!eucku?f\g/)iy 
19061 2597325 ; Z. Verein. deuAchiIngen.“igf}(ifltglS). 
•Warsaw, where, Bueb retorts were working alongside of tiie 
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ordinary horizontal retorts, th^ same coal yielded quite differ- 


ent tars with both, as shown here :- 

Voriical 

Horlzoiitat 


retortn. 

retortfl. 

Spcciflfc gravity of tar, about* 

. M 

* 1-2 

Free carbon 

• 2 to 4% 

about 20% 

Water . j* . . . 

• 2 -I 7 * 

3-5 

Light oil . 

• .5-85 

3-10 

Middle oil . 

■ 12-32 

7 - 68 . 

H^avy oil . 

• ti -95 

10-15 

Anthracene oil . 

• ' 5-96 

11-64 

Pitch ..... 

• 49-75 

6200 

Loss ..... 

. 2-00 • 

2-03 


The tar from vertical retorts contains almost 50 per cent, 
less naphthalene than that from horizontal retorts. 

Hayes (Silliman’s Anitr. March 1859) had long before 
this made corresponding observations on the quality of the tar 
Respecting the influence of the shape of the gas-retorts. Where 
the volatile products are carried awav from the hottest place 
through a narrow pipe, much less heavy and more light oil are 
obtained, and the coke is more compact and harder. 

These differences are evidently connected with variations 
of Wit pressure within the retort. At a higher pressure the gas 
cannot escape so quickly, and remahis a longer time in contact 
with the hot walls of {he retort, which produces secondary 
decomposition, as proved by the carbon secreted on the retort-- 
walls and in the liquid distillates. This fault is corrected by 
the employment of exhausters {cf. p. 43). 

The Tarless Fuel Syndicate {The Eng^eer, 1910, p. 230) 
erect ed_a fad»attersea, according to the plans* of W. 9 , Simpsonj 
an experimental station for gasifying coal.fti'a high vacuum. 
It fiAind there that the evolujjon'ef gas was much more' 
rapid and thc^y^ld of by-products much hightrthan otherwise, 
the quantity of •fixed* cjrbon left? behind being' the saJne.' 
Whereas the, ordinary time fbr distilling bituminous, slate is 
from 16 to 27 hours, tHe tipie? at the, 5 «tcuum#pTant is only 
If to 2 hours? The* latter,jiieldefi 134’gallons of ml (tar) 
per ton, against 90 gallonffn the ordinary process, . * 

Bitstall (B»^. 18148, 1910) treats coal in^q/r-tigh t rfto rts 
a teinperatui^ of 8ea° fc 1000°, and a. reduced'pressure (id 
tp 18 inches Jbdlow atme?pheri£ p?eSsilre),*w^e8y. he oStains 
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Ur containing a high percentage of oils possessing a high 
itifflaming pojnt, some of which have a higher specific gravity 
than water. The tar thus obtained, according to W. G. Moore’s 
B. P. 23376, 1910, yields on distilling between ^2° and 316° C, 
from 40 to 45 per cent, oils; above that temperature come 
heavierr products, and the residue remainjng in the still is s 
black, wax-like substance which burns in the flame of the 
Bunsen burner with buf slight evolution of smoke. The dis- 
tillates separate themselves from one another by their specific 
gravities, so that one floats on the top of the other [?] and are 
of different colour. Towards the end of the distillation a 
substance of light-brown colour and tough consistency passes 
over. (Evidently in this kind of gasifying coal a product 
differing from all other descriptions of tar is formed. The 
formation of a non-miscible oily distillate has never previously 
been observed.) 

Pictet and Bouvier (Ber/. Ber., 1913, p. 3342, and 1915, 
p. 926) describe the tar obtained by them by distilling coal 
(on a laboratory scale) at reduced pressure. 

Of course, the difference of the quality of the coal used in gas¬ 
making (we here speak only of real coal, not of browncoal, etc. 
already referred to on p. 41) influences the composition of the 
tar. Newcastle coals furnish rich tar in naphthalene and 
anthracene. Among German coals, tl^at from Silesia furnishes 
much better tar than that from Westphalia. According to 
Deville (/. Gasbeleucht., 1889, 693), the percentage o{ oxygen in 
the coal ha^,great influence in that respect. According to the 
variations of that constituent, he distinguishes the five followihg 
groups;—' ' 







CAR FROM boghead AND CANNED COALS '49 

• 

It is especially injurious t(j th« quality of the tar if the 
lighting-power of the gas is augmented by additiop of boghead 
or any similar bituminous shales to the coal. In such a case, 
even at the highest practical temperature, hydrocarbons of the 
paraffin series appear more extensively in the tar. The benzol 
then contains hydrocarbons similar to petroteum-spirit, and the 
anthracene paraffin, neither of which impurities can be removed 
by the methods usually practised, viz., fractional distillation or 
crystallization. Hence many tar-distillers stipulate in their 
contracts that the gas-works must not mix more than 5 per cent, 
of shale (boghead, etc.) with their gas-coal. ^ 

Besides paraffins, boghead tar contains principally toluene 
and naphthalene, and but little benzene and anthracene. The 
real boghead, or Torbane-hill mineral, is now practically ex¬ 
hausted ; but that name is still used in commerce for shales of 
much inferior quality. The shale-spirit got from these contains, 
along with the paraffins, very sensible quantities of benzene 
and toluene.^ 

Through the kind mediation of Prtifessor Dittmar 1 have 
received the following information from Dr Ronalds on the tar 
from cannel coals and boghead. Scotch cannels were exclusively 
used in Edinburgh and Leith, and probably in most parts of 
-Scotland, for making gas prior to the coal famine in 1851-53, 
when many companies took to using common splint coal, and 
some attempts were even made to use shale mixed with coal. 
Shales giwe little or no tar; and the naphtha (if any) is similar 
to that from boghead (the hydride series). The quality of the 
tar* now made fron> the various kinds of caghel coal (such as 
those fronutiismahagow. Marquis of Lothian, Arnistcm, Benhar, 
WallyiBfo) and nurflerous othSa Jocalities]^ very different 
from’ Jthst* obtained formerly. Fgrnlfezly, when low heats 
were u^eid al^ the, gas-works,® as much gfii per cent of 
naphtha (f.«.'bensene iod its homhlogues) was obtained by 
distillation with steam. Tr^iis" diminished slowly as the heat 
employed at the gas-wdrks .increased.^qptil it Jja'd fallen , to 
about 3 per ceflt. TRe napfet^ja frifei Scotch tar was always 
rich in .toluene, and contained less benzene than, that*from 
ordinany bitumioo'us coal. It contains little naphthale ne ‘a nd 
isery little>anthrace1he->.sp little of the latter that its extraction 

J Watson SmiCh, privlte SofhiAuniiatiOi], 
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is not worth while. It also'confains considerable quantities of 
paraffins, but mostly of low melting-points. Naphthalene and 
paraffin seem to go together; wherever there is much of the 
‘ one, the other is almost always present too. 

Dr Kraemer (priv. comm.) regards the notiob that solid 
paraffin occurs in teal coal-tar, as erroneous. In his opinion, 
solid paraffin only appears whenever cannel coal, or shale, or 
similar substances have been employed along with real coal; 
and the reason why naphthalene and paraffins generally occur 
together is simply this, that coals yielding much naphthalene 
usually require an,,addition of the above-mentioned substances 
in order to produce good gas. (It should be noticed that the 
different experience of Dr Ronalds had been gained with 
another material, viz., Scotch cannel coals.) 

When shale or boghead or similar semicoals are mixed with 
cannel or bituminous coal, the light naphtha is a mixture of the 
benzene and of the methane series; as these are very difficult to 
separate, the benzol is comparatively valueless as a commercial 
product. The heat used in the making of the gas and tttr 
appears to have quite as much, jf not more, to do with the 
quality of the products as the quality of the coal has. 

A special investigation by Dr llunte' shows the influence 
of the quality of coal on the quality and quantity of gas, tar, and 
ammonia produced in distillation, ^We extract from it the 
following statements (partly translatefj into English measures). 
The five ^descriptions of coals distilled had thw following 
compositiuq,;— 



h 

Total eonteuta of the Goal. 

e ^ 

1.' 

0Stio^7[tion of the 
organic 

Coal. 

0. 

i , 

ft 

0 

(+NJl>iS). 

Water. 

Alh. 

f 

C. 

< '' 

H. ^ 

. ' 0 ' 
(+N & 8). 

WeEtpbiUan(CoD- 
BoIiUalion). 

' 78 .tH 

— 

7-59 

« c 

1.64 

,6*62 

86-94 

5-69 

8-17 

Saar (Hciniti I.) . 

77.1S 

4-97 

9-77 


6.48 

84-44 

5-43 

10 - 73 ' 

Bdhemtao (Thurn 
and Vazis) 

71-97 

*** [ 
S *36 

10-18 c 

1,5.61 

° 6.83 

8^15 

6-ia 

11-64 ' 

Saxo^ (Zwickau). 

68 -,75 

4-91 

1105 

i ?79 

7-50 

81-16 

5-80 

13-04 

Bohemian cannel 
cda^^Pii8en)^‘<_•, 

67.41 

5.93 

8*87 

,J.i 3 

-fi-o- 

14-43 

A _ 

:v -95 

6 

7-27 <■ 

1 10-78 


J. GasiHivchii, 1886 , 
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• 

These coals, when distilled .in £fn ordinary gas-retort, fitted 
up with spdtial condensing-apparatus for experimetital purposes, 
but otherwise working under normal manufacturing conditions 
yielded for each iqo kg. of coal the following products:— 


Description 

of CO*}. 

Coke, kil. 

. Q... 

• 

0 

0 

If 

g 

« 

c 

S 

B 

.S’ 

c'S 

a 

a 

< 

J‘ 

3 

1? 

B ** 

o| 

Cubic feet, 
per ton. 

0 

» . 

0 • 
043 

0 

|s 

Westphalia 

71-4 

16-95 

30-33 

11,899 

M-IS 

1360.1*85 

4*09 

4*44 

3-12 

Sair. . . 

68.} 

I 7 * 7 I 

30.18 

11.835 

10*27 

I2OS-I29O 

5-33 

6*90 

1-76 

Bohemia . 

h 3'3 


28-47 

10,231 

10-20 

1240-1350 

5-79 

9-06 

3-33 

i^wickau . 

62.7 

15*81 

25.46 

9,140 

JO -59 

1180-1240 

5*22 

11-89 

4-38 

Boh. mane] 

56.3 

* 5-72 

30-38 

11,916 

- 

i 8 -I 7 

1180-1350 

8-81 

6-45 

2.72 


This seems to show that the quantity of tar increases.with 
file percentage of oxygen in the coal, apart from the necessarily 
different case of cannel coal. The igcrease of the yield of 
ammoniacal liquor is in the same direction; but this proves 
nothing, as neither the strei^th of the liquor nor the original 
percentage of nitrogen in the coal is stated. 

Bunte’s results have been completely confirmed by the 
report of the joi2 trials made, on a working scale, by the Paris 
Gas Company from 1874 to 1884, with 59 different classes of 
coal.' The conclusions# arrived at are:—“ The higher the 
percentage of oxygen, the more tar and ammonia is.formed and 
the more hygroscopic water is contained in the mRv coal; on 
the other hand, tHe'yield df coke and gas is 4ess with a rise in 
the perc£^t«tge of oxygen.” Bertelsman {he. cit., p*. 23) does 
hot affow this conclusion to be fiifal,^ince there are too many 
exception^to the rule. 

Other comtnunieations on this subject hi’f^Tjees made by 
Spilker {Kok'erei tihd Teerfvedtikte <Qr Kohle, f). 23); Constam, 
Sqhlapfer, ancl Kolbe Gasbehucht., 1906, p. 741; i£08, p. 669; 
* 909 > P- 770) i Peters {J. Gasbtldtcht.^ige^,^. 1114). 

American coal-tars are^^iftod by White and Hess Sac. 
Ckem. Ind., 1900, 509) to be*nferiof to European tef as regards . 
the reoSvery of'ttpzol, etc, but they are*riclfckf.anthcaasne. 
'^ey give's numiser of'dtitSyses. 
f ' >•_/. de/’A/aiAg-e au ffar, juWet, !$ 86 ., 
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An interesting paper has l?een published by Porter and 
Ovitz (/. Apier. Chem. Sol., 1908, pp. i486 et siq.) on the 
“Nature of the Volatile Matter of Coal,” as evolved under 
* varying conditions. As the gontents of that paper do not bear 
in any direct way on the matter treated in this book, we must 
confine ourselves toSlrawing attention to it; 

Of course the duration of the distilling-process and (what 
is intimately connected with this) the weight of the single charges 
greatly influence the yield of tar. On this point investigations 
have been made, amongst others, by Rau {loc. cit.), Spilkei 
[Ammoniakbildungt Aachen, 1905), Bury (/. Gas Lighting, 1907 
p. 982). 

Yield of Tar from the Coal. 

In Germany this is set down to average 5 per cent, on the 
weight of the coal. 

Brehschmidt (/. Gasbeleucht., 1904, p. 677) obtained witt 
gas-coal yielding 58 to 75 per cent, coke, from 3 to 9 per-cent 
tar; Bunte 1909,^.725) with gas-coal yielding 59 to 71 pei 
cent, coke, from 4 to 5 per cent tar. Ott {ibid., 1909, p. 591' 
found no difference in the yield of tar, whether working witl 
horizontal or with upright retorts. 

Wanklyn {Gas Engineers Chemical Manual, p. 5) state; 
that one ton of coking-coal (Newcastle coal) yields;— 


. 

' Lta. 

Per cent. 

10,000 cubic feet of gas 

. 380 

17*0 

IQ gallons of tar . 

. IIS 


Viigin gas-liquor * 

177 

7-9 

Coke . \ . 

15680 

70-0 

f 

—— 

— 

‘ 

2240 



• That IB, the liquor cofiden»ii^ froPi fee gw alone without any water runui^ down with! 
the icmhberB. * ♦ ^ 

Exactsfigfiie's concerning tke yield ofotat h London am 
provincial gas-works haveheen giveij on pp. 44 and 45. Accord 
ing to Wu[tz,> St Etifenne coal only pelds 4 pet cent of poo 
tar, but Anzki and Mons (joal 8 - 7 S P-®'" Prussian ’ coa 

up tQ.'i' per cent., of rich tar. ©f fee Geman kials those froc 
Upper Silesia yield the best, thoseTrom Westphalia the poores 
tat.' The vdeld of'tar is given in,, the foUpfeifig tabl<^ whk 
* Dictima. ^ J,- ^31. ^ 
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shows that from various descrjptians of coal, along with that 
of other prsducts, on the average there is obtaine(4:— 


. Tar. 

From co|l generally . 4 to ^ 

u * EnglisK coals . 4'5 

„ Silesian „ . 5 to 6 

• 


Ammoniae*! liquor. 
6 to IP per cent. 
6 

9 * 1 ) 


1 too (2240 lb.) 

6aa, 



4 S 

0 J. 

-»- 

Lom. 

Boghead cannel 

Newcastle 

Wigan caaoel , . . 

Lodigelly 

5 Lo3igeily +4 Boghead, 

"A" »« »• • 

^ » 

Pelton Main (Durham) ♦ 

1 »i Boghead 

Lesmahagow cannel, I. . 

» » „ II.. 

•Ramsay's N’castle cannel 
Derbyshire deep-seam . 
Wemyss cannel, I. . 

H n. . 

Wigan cannel. 

Cub. ft. 

13,334 
9.833 
10,8^0 
8,331 
9,055 

9,050 

9.750 

9,500 

12,800 

11,681 

9,878 

9,016 

9,400 

10,976 

10,192 

9,408 

Lb. 

461 

483-5 

410 

300 

551 

528 
» 338 

Lb. 

715 

1426 

133a 

1245 

1200 

1205 

1240 

1540 

1366 

1091 

1064 

1435 

1331 

H24.5 

1188 

1326 

Lb. 

733-3 

«8.3 

2i8-3 

33$ 

400 

335 

327 

iis-s 

2o6‘6 

594 

603 

295 

319 

224 

197 

250 

Lb. 

60 

161.9 

340 

170 

290 

270 

lU'S 

il6.6 

4-5 

4*5 

6.7 

179 

Lb. 

»7-5 

85 

93-3 

207 

340 

327 

326 


The folloHiing statements (Muspratt-Stohraann’s C/5miV,4th 
ed., V., p. 319) summarize the results obtained at 67 German 
gas-works in 1891-92, vuorking with gas-coal proper, without 
additions 6f boghead, eta :— 


100 kg. Coals * 

* Oas,- 
cubio metres. 

Coke,t 

kllog. 

_ 

Tar* 

• kllog. 

Westphali^n^coal 

• 8 

24 . 8 - 31*9 

—- 

*. ,5*-|-76-o 

, 3 - 4 - 5 -s, 

• 

Saar coal . 

2^6* 

. 26-i-3I,3 

660 . 

g 600-710 

4-4 

•4.8-6.9 . 

Silesian coal ^ 

Zwickau coal , • . ^ 

*^•5* 

J4-9-31-2 

, 28 -J 

36-»i^-|, 

37,64 • 

26 -^- 30 . 8 - 

44-9 • 

59-5-74-I 

. 

54-2-57-6 

55-3* • 
^•7-7?-I . 

5-9 

, 3-8-6-0 

' ^ 

: • 5-6 

. 44J-5-9 • , 

. * * * 

• 

• • 

.* ,* 

68-5 

• • • « • 
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For American coals Rau.(A)c. «V.) states the yield of tar Jit 
gas- and co^e-works in 1904 at 3-34 to 679; average, 4'67 
per cent. 


Proposals for Increasing the Quantity or Improving the 
Quality of i'ar in the Manufacture'of Coal-gas. 

We have already seen that both the quantity and the 
quality of tar differ with the quality of the coal and the tem¬ 
perature of distilling it, no doubt also with the pressure existing 
in the retort and the velocity with which the gases are evolved 
and are made to escape from the retorts. All these conditions, 
however, must in the first instance be made subservient to the 
aims of manufacturing illuminating-gas; that is, obtaining the 
best yield and the best quality of gae, the tar being left to take 
its chance. Still it may be possible to Introduce such improve¬ 
ments as will serve the purpose of improving the yield or thf 
quality of the tar, and the following proposals have been madt 
with this object:— ^ 

H. Aitken (B, P. 4644,1883) considers that the large amount 
of water contained in certain kinSs of coal, shale, and lignite 
(real coal does not contain much water) causes the coke to be 
too porous and light, and carries off much of .it in the unburnt 
state. He therefore dries the coal in a tower b'y drawing or 
blowing heated air 'or hot products^ of combustion through 
it. The coal thus treated is stated to yield much closer and 
heavier coV^ a higher yield of gas, and tar containing more 
benzene. [Althoi^gh this process might do for "very moist 
materials,' it would certainly not pay in rao^J^ ordinary 
cases.] 

N. A. H 61 ouis, of Piris^ evidently inspired by the»peading of 
Berthelot’s andesther great sivants" resq^rchqs, but "without 
mhch regard to the conditions and reouirements of practical work; 
obtained provisional protection ][B.P. 5142, 1083) for a process 
based on tfie,“ rationai^and peroi^ent production of acetylene.” 
This is to be attained : (i) by s^fiicgd tenfppratiffe never exceed-^ 
ing a dull <red-heat in the ^etorts^])!]; (2) by the permanent 
pction of a current of previously superheated, gas an<J. steam 
led'into the'retorts during the whcrie.tlme'^of the distillation; 
fit t)v maihtaifiinff a Wefn DressufEoJof i atmosohefe'in thd 
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retorts. Thus acetylene, the [hypothetical] generator of 
benzene, is. to be permanently produced, whilst^lhe benzene 
Itself is protected against being condensed into more 
complex carburets, constituting heavy oils of less commercial 
value. • 

Heusser (Ger. P.^ 24728) also from purely theoretical con¬ 
siderations on the “ condensing ” action of acids, zinc chloiide, 
etc., believes it possible to obtain at willbydrocarbons of a lower 
boiling-point by passing chlorine gas and hydrochloric-acid 
vapour into the gas-retorts; and hydrocarbons of a higher 
boiling-point by mixing the coal with zinc chloride, with or 
without the admixture of tar or tar-oils, and also passing 
hydrochloric-acid vapour into the retorts during the dry 
distillation. It does not seem necessary to criticise this 
process. . 

Byrom, Wigan, and Bennett (B. P. 3736, 1884) propose 
semoving the various products of distillation from the retorts 
before they are mixed, thus avoiding the expense of redistilla¬ 
tion. This is to be done by providing ftie retort with a number 
of openings along its highest part, each exit-pipe being supplied 
with a bend which may be inclined downwards; the pipe 
being of sufficient length to secure the condensation of the 
liquid, the gases to be drawn off by an exhauster. This 
process, if at all feasible, would evidently apply more to the 
distillation of shale, etc., for paraffin oil than to that of 
coal for gas-making. 

Kunath {Chem. Zeit., 1885, p. 1893) attributes th^thickening 
of tar not merely to the .presence of partic^bs of*coal carried 
over mechanically with the ga.s, but principally to a local 
«uperlieating of the’gas. Thiiffi^ tar is tc? be obtained by 
charging* the retorts with as much^'bosrt .as possible, and thus 
reducing the gjas-sp^ce and th^ contact surfac"-,-.* 

J. Young (B. P» 14840,^886) mixts the coal before carbmi- 
izing with common salt m‘proportions varying with the, 
composition of the coal* usually 4 Ib.^er toij of coal, in 
to improve tjift quali^y^of ftie colce, to facilitate the 
purification of the gas, adtt to inprease the yield,of ga^, tar, 

. und anjmonia. • , 

Pyorkpvich {'/.'Soc, CIvfn. Ittd., 1893, p. 403.; considers the 
present ‘way qf •manufacturing ,|:as*as irrational. “The c^al is 
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. better carbonized at a low .temperature in the presence of an 
inert gas (cjrbon monoxide, hydrogen, or water-gas); in this 
case a large quantity of “coal-oil” passes over, similar to 
petroleum residues, which is to be split up by overheating into 
more gas and aromatic hydrocarbons, as effected by Letny and 
Ragosine (see below). 

.We shall later on meet with several other attempts at 
improving the quality of the tar or increasing the quantity of 
its more valuable constituents by a special treatment while in 
the gas-retorts or subsequently. 

Recent patents for improvements in the recovery of tar in 
the process of gas-making:— 

Smith and Allbright (B. P. 9070, 1902). 

Holmes (B. P. 20677,1903). 

Planting (Ger. P., appl. Pi3626).i 

Everitt (B. P. 13316,1904). 

Several inventors employ steam, either in the retorts cvr 
upon the gas after leaving them, for the purpose of facilitating 
the precipitation of tHfe tar (and some ammonia) on cooling. 
Thenius recommended this many years ago (Wagner’s Jahresber., 
1865, p. 738). Recent patents on this line :— 

Heineraann (Ger. P. 138250). 

Burgeraeister (Ger. P. 154028). 

Th. von Bauer (Ger. P., appl. B36982), for coke-ovens. 


, Recovery of the Tar suspended in the Gas. 

Ordinary coal*-gas always contains a goo^ many tarry 
particles in rapqhanical suspension. These particJfts ore to 
some extent precipitated'in the gas-pipes, and are fqund, both 
at the gas-wq|^and in the “«iphons” (traps) of the'street 
pipes as ails or as masses, of crystallized naphtllalene. These’ 
oils have been examined in detail by Gascn.' He found that 

they gave off-— 

* * 

3 to 6 pet cent ug Jo 100°,•• _ ■ 

^,,8 „ *fro^loo° to‘i8o°, 

•'S,., '5 »' » 130” ..150°. 

19 » 36 » n < 150° ,1 

* « f, •» ® r _ . . 

y.C?asi^/fUiAAjfi 873 ,jf.^S;*Wa.gaefr'(i/aArtsdg%i 873 fp:gi 4 .' 
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ot\ the whole 47 to 76 per 4 ent. up to the points where naphtha-j 
lene appeared. They contain numerous sulphur compounds— 
below 100° carbon bisulphide, above 100° probably thiophene,. 
An exact examination of these oils (which do nofappear to be 
' systematically collected anywhere) is still wanting. • 

The quantity pf tar can be considerably increased by 
supjplementing the condensing-action of the air-condensers 
and scrubbers by mor6 efficient apparatus. This is the object 
of the process of Pelouze and Audouin,^ which is being worked 
very successfully at Paris and elsewhere. That they are not 
the real inventors of the process has been decisively proved 
by Colladon.^ Tfie invention proceeds from the principle that 
mere cooling cannot possibly condense all the tar, because the 
latter remains mechanically suspended in the gas in the shape 
of extremely minute liquid drops, rV. in the form of a mist. A 
portion of this is retained in the coke-scrubbers, but very far 
front all of it. The result is different when the gas is made to 
issue through narrow apertures and impinge against a broad 
solid surface, over whflch it must spread. The fine liquid 
particles, thus brought into very much increased contact with 
each other and with solid bodies, gather into larger drops, 
and are thus retained. Fig. 2 (p. 57) shows how this principle is 
carried out. The gas passes into a vessel, A, through the 
inlet-pipe B, and leaves it at C. Inside A is a cylinder, D, 
the proper purifying-apparatus, which floats in the hydraulic 
tar-lute E, so that the gas can only get from' B todC through 
the perforated sides of D. The latter are made of three con¬ 
centric sheefs of brass, inch apart,,and perforated with m&ny 
holes. The holes a a (Fig. 3), yV inch wide, ar« arranged in 
three rows plaqed transverse to each other. The jets of gas, 
issuing through the ,lv3leS of the innermost plate,.meet-with 
the solid portijjj^f the middle jSlate, and w)ien issuing tfirough 
thf holes of the latter again meet solid portiops of the outermost 
plate, from which at 4st they cati ^el into the upper space of 5- 
Since experience has shown that the holes of the* middle plate 
especially are* readily clogged u^,»;ith tai, the apertures of this 
plate*are now made (as shown in 3) larger and square. It 
has, ,also been afteippted to replace the holej by vertiqpl silits, 

ft 

* lyxvii., 819.' 


IxxvUfji. *64,928. 
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which do not so easily get stopped up. The tar condensed by 
the impact an the plates runs'into the tar-cistern E, flows 
over and runs away at F. Since of course some*pressure is 
lost in this' apparatus, it is necessary to let the gas, 
previously well cooled, issue under* a certain silrplus pressure, 
say i| to ij inch, which is kept constant; by the automatic 
regulator G. 



Fig. 3. 


In 1876 there were eight such condensers at work in Paris, 
which produced;—At the Ternes works, from 1000 cbm, 
of well-cooled gas, 9 kg. of tar; at the La.Villette works, from 
1000 cbm. pf gas not so ^ell cooled, as much as 72 kg. of tar, 
and 16 litres of liquor containing 80 g. of ammonia per litre. 
The tar is nmch lighter than ordinary gas-tar; it ykilds 20 per 
cent, of light qjls, instead o'f 3 to 5 per cent. * 

. This apparatus is employed at^many Frengh gas-works, and 
It has also, been introduced into otliergcourftries, for instance, 
into Gtrmany. At first the objectiofl was* made to it that it is 
very difficult tS Keep the holes from Ijeing clogged up, and that 
,it is doubtful whether th^ extra yield of tar is not counter¬ 
balanced by tRe loss iri th'e illumjnating-power of the gas. But, 
as a matter of fact, thsappar^us has^beerTin fulllvork at quite 
a number of gas-works onfsidt of France up to the ptfsent 
,tim'e, ayd during the last few years^t has al^o •been* introduced 
in quite ^ number»of ^\ye|tphalian coke-work* for recoveiing 
, the tar from c<jk«-oven g|Si 
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Other apparatus, on tfje same principle, has been patented 
by Fr. Lux (Ger. P. 40897)/ It is a closed box, in which 
undulated tnetal sheets are placed in such a way that two 
adjoining sheets always form a chamber, with' a number of 
compartments. ‘ 

On the same .principle is constructed the apparatus of 
Sefvier (/. Gasbeleucht, 1880, p. 639). The same object, 
together with scrubbiilg the gas by water, is pursued by the 
inventions of Chevalet (/ Gasbeleucht, 1883, p. 420), Fleischhauer 
{ibid., 1887, pp. 27 and 1020), and Schumann & Kuchler 
(Ger. P. 67767); also by Drory’s tar-scrubber, perhaps that 
apparatus which iS most employed at the present time and by 
which upwards of 90 per cent (sometimes 99 per cent.) of the 
tar and 20 per cent of the ammonia is taken out of the gas. 

Scheibe (Ger, P. 184038) eraplo)Ba fan-blast; by the impact 
of the gas against the outer shell, the liquid (and solid) particles 
are made to adhere to this, until they flow downwards, where 
they are constantly removed. 

The Gasmqtorenfairik Deutz (Ger. P. 183823) employs a 
number of chambers superposed over one another, with impact 
surfaces inside, the shock against h'hich causes the precipitation 
of the tar. 

The Berlin-Anhaltische Maschinenbau Aktien Gesellschaft 
(Ger. P. 183413) employs revolving drums, placed'in superposed 
chambers, with brushes in the intermediate space. The drums 
dip into the dish-shaped bottoms of the chambers. Another 
tar-separator is described in the Ger. Ps. 282279 and 284971 
of the same'firm,- , • * 

Ott (Ger. P. 153519) also employs a system*of superposed 


chambers, with.igipact surfacp*. 

Koppers (priv.'cofwn.^ has improved the Peloujfs-Audouin • 
apparatus bv, attaching overfldw pipes ^o the outskfe box, J 
whereby the level of the liquid can be charged at will, and by 
, employing, in lieu of a single ‘bell* four bells *ith as many' 

‘ inlet tubesfso that a more or less large space can be provided 
for tl^p gas-inlet 'f?is apparatus, is shewn ii^ Figs. 4 and 5- 

’ (P- 

• p. F. Smkh (U. 5 - P. 1140198) rempves thf iar fronvgas.b)^ 
passing the'gdk through glass-wof\J ^hricf w other perviouftrj 
f'dlapferagma. - • 



recDVery 6f' tar suspended in gas 

A very important gas-washing; ap’paratus 
is that of Feld, which we shall describe in 
the second part of this treatise, in connection 
with the recovery of ammonia, for which it is 
primarily intended. ’ 

Other inventions fpr removing tar (as well* 
as dust, ammonia, etc.) from gases are on the 
principle of converting the washing agent 
into a spray. This is done, e.g., by Theisen, 
by Louis Schwarz & Co., by Brunck, by 
Dr C. Otto & Co., and others. Since 
they are usually in the first instance 
intended to increase the recovery 
of ammonia, we shall describe them 
later on under that headings 

Piining (Ger. P. 245235, 

1910) removes the tar-fog from 
gases previously to their enter¬ 
ing the ammonia washers by 
electric currents of high tension. 

Steere (/. Gas Lighting, 

1914, p. 309; J. Soc, Cheni. Ind., 

1914, xxxiii., p. 1145) 
removes the tar from 
crude coal-gas or pro¬ 
ducer-gas by an alter¬ 
nating high - tension 
discharge at 40 , 0 (Xi- 
80,000 volts, preferably 
at temperatures fronT 
65° t 6 , 8 ci^« the tar-fog condenses 
to largfi globBl<y, which may be 
removed by a centrifugal^ or' by 

a Pelouze and Audouin extrac- 

• « • 

tor. His U.S. patents afe: {Jos. 

1130212, 11302/3, U50214.* •TJie 
Ford Motor Company at Detroit, 
employs this process on a large 
scale fpr purifyin| producewgas. 
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riel 4 Gaz (P'r. P. 469302) removes tar, etc,, from gases by 
means of a, horizontal cylinder, divided into two Cbmpartments 
by a horizontal partition having an opening at its centre. 
The gas is introduced tapgentially through, an inlet at the 
periphery of one compartment, travels with increasing velocity 
to the centre, and passes through the opening into the other 
compartment, wherein its velocity decreases from the centre to a 
tangential outlet at the periphery. Two or more such cylinders 
may be used in series. Each compartment is provided with a 
.drain-pipe for discharging the separated tar. 

White, Row^y, and Wirth (/. Gas Lighting, 1914, cxxvii., 
p. 719) pass the gas, after leaving the Pelouze and Audouin tar- 
separator, at the rate of 24,000 cub. feet per hour through an 
8-inch pipe, of the shape of an inverted U, with electrodes of 
sixteen 27-gauge steel wires strui% between 4-irch iron disks, 
5 ft. 8 in. apart, through which a current of 20,000 volts is 
maintained; thereby the tar is completely removed. " 

Korting Brothers ^Gcr. P. 204888) put gas-tight iron tanks 
for the condensed tar and ammonia into connection with a pipe 
conducting coal-gas into the taiiks, in order to prevent the 
entrance of atmospheric air, which would cause corrosion of 
the iron. 

G. T. Purves (/. Soc. Chem. Ind., 1915, p. 328) advocates 
the fractional collection of coal-tar at gas-works, especially with 
the object of removing' the tar-fog fi;om the gas, and suggests 
special tar-condensing plant for this purpose. He employs the 
“ Otto ” tar,-spray as being by far the best apparatus. 

S. Carter {Ji^Gas Lighting, 1915, p. 89; /. Soc. Chem. 'ind., 
19:5, p.'481) for the same purpose recommends the “Hurri¬ 
cane” tar-trap." ‘previous^ filtration of the gas under vacuum fs 
more satisfactory thail under pressure, as then th^ gaa Is not 
dried undulyr 

Estimation of the Tdr tdhtained in Gases. 

Such a'n ^estimatipn would Ije esjjecially useful where it is 
the (question of controlling the. efficiency cV a condensing 
.,|iroc6ss. 9?fore the gas in,the di» 5 ct carbonizing process getsi, 
ito the sulphuric acid saturators and to the ^nzol wsehers, it 
^,sh6uld be free trom tarry particles. • 

tlntil cmite ‘reoentlv; r#e did nof .as vet iJossess a reliable 
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method for the quantitative estimaflon of tar in gases. The 
ordinary way of proceeding is; to interpose in the gaseous 
current a weighed glass tube filled with loose cotton-wool, which' 
is supposed to retain the tar. More accurate is the process of 
Tieftrunck, ih wfiich' the gas is thoroughly washed with dilute 
alcohol (25 to 30 per cent.). The alcoholic folution is allowed 
to evaporate in a weighed vessel at the ordinary temperature; 
to the weight thus found one-third is a’dded to allow for the 
light tar-oils, especially benzene and toluene, which escape 
during the evaporating of the alcohol. This is, however, a 
very inaccurate process, and it takes, moreover, considerable 
time until a constant weight is obtained. For small quantities 
of tar contained in the gas it is quite useless. 

Feld (/. Gasbeleucht., igii,p. 33) has worked out another 
method which is both rapick and reliable. The tar is retained, 
as in the last-mentioned method, in a dry, weighed U-tube, 
filled with loose cotton-wool. In order to avoid as much as 
possible the retention of the water contained in the gas, the 
U-tube is placed in a vessel filled with \#ater, or another liquid 
kept at about the same temperature as the gas. The U-tube 
should be well insulated in oJder to keep the temperature as 
constant as possible. At the end of the experiment some dry, 
gas, the same as is being examined (not air!), is passed through 
the tube in order to dry its contents. For this object, at the 
end of the experiment two U-tubes are placed in front of the 
absorbing-tube, and these are equally placed in the heated 
liquor. The first U-tube is filled with cotton-wool, yie second 
with calcium'chloride ; the .third is the tube jrn which the test 
Is performed. • The first of these U-tubes retains* the tar 
contained in the gas,* the second, retains the* water from the 
same.* ^ Since the gas employed for ^fyi«g is now saturated at 
the temperaturg ofthf experimeTit with the same tajcconstituents 
as are contained in,the test-tube, the gas now does nbt take tip 
from the latter any tar constituents, but only water. A 
constant weiglit is geiier^ly attained w^gn a little* more gas 
ttan that previously psed for.tjpe test fcas been pas'sed threugh. 

Gwiggner [Chem. Zeit., 1^2, p. 462) descpbes aij appafatusi 
for estiipating tUe^tar in gases, especially praducer-lgases. , 



\. 
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Recovery of Benzol contamed as Vapour in Coal-gas, 

o , 

It has l6ng been known that a good deal of benzol and its 
homologues is contained in coal-gas, and adds much to its 
illuminating-power. Accofding to the exienciver experiments 
made by the Pafis Gas Company, the percentage is pretty 
constant in the case of the various 'descriptions of coal, 
and amounts for i cbm. of gas to 30 g. of benzene and 
9 g. of toluene, etc,; by volume to 1-05 per cent., along with 
5.5 to 4-8 per cent, by volume of heavy hydrocarbons belong¬ 
ing to the’ aliphatic series. The benzene, etc., separates in 
the liquid state v. hen cooling down tlie gas to —70° C, whilst 
the other heavy hydrocarbons remain in the gaseous state 
From this we may make the following calculation;—One ton 
of coals yields about 11,000 cub. ft, or, say, 300 cbrh. of gas 
containing 11-7 kg. of benzol, etc. At the same time about 
I cv/t of tar is formed, from which about 0-5 kg. of benzol is 
obtained. Hence coal-gas in this case contained 23 times as mud 
benzol as the tar formed from the coal at the same time; anc 
this is a very legitimate stimulus for attempts to recover benzo 
from coal-gas. 

St Claire-D,eville (/. d. Us. d Gas, 1889), by cooling dowr 
the gas to —70“ C, obtained from i cbm. of Paris gas 35-48 g 
of aromatic hydrocarbons, containing;— 

Benzene, boiling-point 81° . . . . 73-13 per cent. 

Toluene, „ 111°. . ' . . 13-00,. „ 

Xylene- and higher homologues, boiling-point 139° 8-75 „ 

Residue-and lo_ss . . . . ' . S‘i2 „ , 

In Bunte’s investigation at the Karlsruhe gas-works {J 
Gasbeleucht., 18^, p. 601), JOO kg. of coais yielded :— 

1. 30-0 cbm.= i 7 to '4 kg! of gas,containing 938 g.lienzene (9 

per lent, of the total CjHj), and 3i2,g.i toluene (89 pe 
‘ cent of the totaTGjHg), wjtji traces bf naphthalene. 

2. 5 kg. of tar, containing 5 g. benzene (=5 per cent.), 41 

g. tqluene (11 per cfent. of the total CjHj), 300 g, n^ph 
thalene, 70 g, phenol, ,2ty g. antifracena 
, 3. 11 l*g, aqvnsoniacal liquor. * 

. Further'investigations by Bsnsen {G&ometer.^ Method^ 
*t8jt7), Berthel9t (J. Gflsbeleucltt.,'^i$fh, p. 495^; 1877, “p. 5a| 
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Knublauch (ibid., 1880, p. 256), DennsJedt and Ahrens (Berl. Ber., 
1894, p. 6oi)f whilst confirming tTie large proportion of benzene 
and toluene contained in the gas in the state of vapour, do not 
make it out quite as high as the first Paris investigation. As 
final result wfe may State that there is about 15 times as much 
benzene and toluene valour in the gas as is cmitained in the tar 
fornad at the same time. ^ 

The percentage of benzol in coke-oven gases is decidedly 
smaller than in ordinary coal-gas made for illuminating purposes 
(which can be easily understood, since the quality of coal used 
for coke differs from that used for illuminating-gas). Kraemer 
(Gliickauf, 1897, p. 381) estimates the quantity*of benzol in coke- 
oven gas at half of that in illuminating-gas. In 1900 the 
Westphalian factories obtained an average yield of 0-4 per cent, 
benzene and 0 09 per cent, teluene on the coal coked ; the Laar 
works averaged o-g to i per cent. (Haarman, loc. cit., p. 28). 

■ S. Mellor (B. P. 5604, 1882) proposes to obtain benzol, toluol, 
or their homologues by subjecting coal-gas to a pressure of 4 or 
more atmospheres, whereby those hydrocarbons are deposited 
in a liquid form. This proposal is manifestly impracticable if 
it is intended to be applied to* ordinary coal-gas. But it seems 
a dififerent matter when we consider the “rich*" gas obtained 
from petroleum, fatty oils, etc., and subjected to several 
atmospheres’ pressures, in order to light railway-carriages 
and the like. In this case liquids are spontaneously condensed, 
and it needs only to be called to mind that Faraday, in 1825, 
discovered benzene in a liquid condensing from compressed oil¬ 
gas.* Greville Williams (B.^P. 4663, i884)_tre^ts sudn liquids in 
the following n»nner :—They are distilled, and all coiping over 
helow 5 s ''-5 rejected.* The second portion is (»yected between 
6s°-s •and»?7°-S, the third portion Ao^ 87^-5. To separate 
benzene* (toluene, et(j,) from theSse distillates, they ye subjected 
to the action of djlute nitric acid (100 gall, requires 50 gaU. 
commercial nitric acid and *56 gall, water), or of a mixture of 
sodium nitrate'and sulphuric acid, (190 lb. commerciah nitrate of 
soda, 218 lb. coimercisl oil oj'yitriol, and 24J gall.‘'water tj> too 
|[all. oil). The mixture is thgn cfistilled in a palt-glazed stone¬ 
ware St jjl by means of a steam- or water-bat)i; 'Tjehzene an(| its 
'homolojguqs readfy‘cotne,o^er, the homologues-of Olefiant gas 
being coiiverted into coti^pounds; which .rernain behipd in^the 
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still. The scientific principles underlying this proposal have 
been discussed by Greville Williams in the Chcm. News, vol. 
xlix., p. 197. He found that the liquid obtained in manufactur¬ 
ing the “ Pintsch gas” contained from 65-6 down to 24’6 per 
cent, of benzene and toluene, according to‘ its’sptcific gravity, 
which varied from 0-850 to 0-760. It should be noted that any 
process involving the distillation of liquids containing a large 
quantity of free nitric acid, and then necessitating the use of 
stoneware stills, must present a good deal of inconvenience. 

Armstrong' has also subjected to examination the liquids 
condensing from Pintsch gas and some other descriptions of 
compressed gas Inade from oil or petroleum. These liquids, 
commonly called " hydrocarbon,” arc practically free from 
paraffins; they essentially consist of benzene and toluene 
(rarely less than 50 per cent.), of the dimethyl- and trimethyl- 
benzenes occurring in coal-tar, of naphthalene, of the hydro¬ 
carbons of the olefine and “ pseudo-olefine” series (viz., ethylene, 
propylene, amylene, hexylene, and heptylene), and the “ pseudo- 
acetylene" series (e.specially crotonylene, dimethylene-ethane, 
and isoallyl-ethylenc); also much cyclopentadiene. This 
“hydrocarbon,” amounting to father less than i gall, per 
1000 ft. of compressed gas, is not used by tar-distiilers, as it 
is too difficult to separate the benzene and toluene from the 
other hydrocarbons; it is exported to Belgium, where it is 
said to be used for varnish-making. Entirely different from 
this liquid is the “tar” depositing'from the oil-gas prior to 
-its collectibn in the gas-holder, and amounting to about 5 gall, 
per 1000 ft. of gas; it contains neither acids nor basic con¬ 
stituents, and little, or even hardly any, benzenoH hydrocarbons 
but mostly unde>composed pptroleum hydrocarbons—that is, tb< 
material started from., , 

Etard aq^J Lambert {tomptes rend., exji., p. ^495; examinee 
the liquid condensed by.compressing the rjen gas made Iron 
paraffin oil, and foqnd thereifi 6d per cent, benzene, 10 pe: 
cent, toluene, 6 per cent, non;saturafed ‘light aitd 10 per cent 
ditto, heavy' hydrdcarbons, boi)jipg between and 190°. 
moreover a hydrocarbon of the foyaiula CjH,, boiling at 42°-5 
easily polyirierized in the cold, which they call “jjyro-pegtylene,' 

‘ J. Soc. them, Ind., 1884, p. 462 j AnnstDosig and^iller, jf. Chfn, Sx. 
vol.hdU., p. f 4- ' 
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and which is probably identical with the “ cyclo-pentadiene" 
discovered by Kraemer and Spilker in ordinary ct^al-tar {Berl. 

1896, p. 533). 

According to Kraemer (priv. comm.), it is easy to separate 
the benzcnoiti hydrdcarbons from the olefins by means of free 
chlorine, which combines with the olefins, si that benzol, etc., 
can be blown off. This process has been carried out in practfce; 
but it is now supplanted by a still better one, consisting in a 
treatment with picric acid. 

Cooling to a low temperature has also been proposed for the 
purpose of condensing hydrocarbons from coal-gas; but the 
objections to be made to this operation, if intended to apply to 
ordinary coal-gas, arc quite obvious. 

A second series of proposals employs the process of 
depriving either ordinary o» specially prepared coal-gas of the 
particles of aromatic hydrocarbons suspended and contained 
as vapour in it, by passing the gas through liquid absorients 
for those substances. A. Vogel'passed the gas through colza- 
oil, which thereby increased 20-5 per ceAt. in weight and very 
much in illuminating-power, whilst that of the gas did not 
suffer. The last statement fs more than doubtful; it is now 
generally assumed that the illuminating-power of coal-gas is to 
a very great extent due to the presence of benzene vapours, the 
results of Berthelot'* in this direction having been confirmed by 
many subsequent investigations of Frankland and other 
chemists. jOn the contrary, by removing the benzol from coal- 
gas, it becomes a “ poor gas,” unfit for illuminating purposes, 
unless “ carburetted ” agaip in some other ^•way,V^., by the 
vapours from putroleum-spirit and the. like, or else applied (as 
it had been already T)reviously*d^ne with weter-gas) on the 
principle ef the “incandescent” ligjjt, namely by introducing 
some soHd body, as platinum, nfagnesia, zirconium,jetc., into the 
flame in order to gjve but' light afterJhaving been rdised to a 
white heat. That the light-glvihg constituents of coal-gas are 
almost entirel/ removed ty passing it thjough heaify mineral 
dlswwas noticed jn 186S by C^jiter; but his' observations.were 
only made known to a very <i(nit*ed (ircle ih 1^74.* 

*JOingl.polyt. /,, vol. cliii, p. 46^ 

^Cfmptee vol. Ixxxiv., p. J71. 
f *• Davis, / foe. ChtM. htdf rf 84 ,,p. 43 }. 
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Whilst Vogel evidently did not aim at extracting benzol as 
such, this w^s the aim of a process devised by Cara, A. Clemm, 
C. Clemm, and Engelhorn (B. P. Feb. 17,1869), during a period 
in which the price of bepzol had risen enormously. They 
brought the gas into contact with oils of‘high boiling-points, 
such as petroleuml'paraffin oil, or fatty ojls, and separated the 
beflzene and toluene atisorbed by .subsequent fractional distilla¬ 
tion, so that the residual oil could be used over again as an 
absorbent. This process did not hold its ground for any length 
of time, the decline in the price of benzol and the reduction in 
the value of the ^as making it unremunerative. 

In 1875 J. Barrow patented the application of artificial 
refrigeration to the collection of the vapours of solvent naphtha 
evolved in the working of indiarubber, afterwards absorbing 
them in oil—an idea which has since been utilized for a similar 
treatment of the benzene vapours contained in coal-gas. 

In 1882 Caro’s idea was again taken up, first by J. Hardman 
(B. P. 4312, 1882), who began the process in the gas-retort 
itself, distilling at a vefy high temperature in order to produce 
more benzene and its homologues. These hydrocarbons are 
separated from the gas by means of condensing apparatus, 
which are charged with anthracene oil or other heavy hydro¬ 
carbons. The gas, after this treatment, is useless for illumina¬ 
tion, and is only fit for heating purposes. We here meet 
with the idea that the manufacture of gas is to be treated as 
a secondary process, that of benzol being the primary object 
in view, to be promoted by a special treatment of coal. 

A very simila," course was taken,by G. E, Davis (B. Ps. ^717, 
1882; aiid 4468, 1883). He proposed ascertaining by experi¬ 
ment, for each particular kpid of coal, th? minimum temptiratufe 
at which it will yield-the. piaximum quantity of benzol without 
forming pais-ffins. This would Tje a lower temperature than in 
ordinary gas-making, and only 7000 to 8000 cub. ft. of gas 
would be obtained from each ton of coal. Before charging into 
the retorts, the coal's to be mpisterted with some of the con¬ 
centrated spent am'monia-water epntainftig th*; sulphocyanrdes, 
so fiiat the. temperature of the irttort is lowered and more 
ammonia is_ oBtained. The gas is then w^ed or fcrubbed ’ 
’ with water," previously warmed to 4insiaish its powet of dissolv- 
. ing hydrdcarbons and hydrogen sulphide. It is. then passed 
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through a weak acid or other sul^tance capable of retaining the 
ammonia, artd is then purified, as usual in gas-vrorks, from 
cyanides, sulphocyanides, and part of its hydrogen sulphide, 
leaving some of ^he latter purposely, unabsorbed, as it is wanted 
afterwards. "Now comes the operation interesting us most 
here :—The gas is passed, at as low a tempferature as possible 
(producing this by an air-cooling or frqezing-machine, or dlse 
by the expansion of the gas after previously compressing it), 
through a hydrocarbon oil boiling at a high_ temperature. It 
thereby loses most of its illuminating-power,'and is only used 
as fuel for heating the retorts. Iij this process the HjS previ¬ 
ously left in is burned into SO^ The products of combustion 
are brought into contact with ammonia-gas or ammonium 
carbonate, obtained by heating the ammoniacal liquor previ¬ 
ously formed, whereby amihonium sulphite is produced, part 
of which is oxidized by the excess of air into sulphate. The 
irwentor states that he thus obtained from i ton of coal, at 
a temperature of about 650“ C, 16 gall, of tar, 37 gall.’of 
ammoniacal water, ii lb. of sulphur, cwt coke, and 7000 
cub. ft. of gas, which gave 4 ^all. of benzol testing 90 per cent 
at 100 C. The gas can then be used for heating purposes, 
or it can be used for lighting by means of some^'carburetting" 
process. 

A detailed description of Davis’s process, and an analysis of 
the crude benzol obtained, is found in 'the Journal of the 
Society of Chemical Industry, 1883, p. 522. He admits there 
that^the loss of absorbing-oil is greater than at first aiticipttted, 
and that thrf process will cn\y pay with be»Izol a*t a certain 
price, which wjft then easily obtainable (4s. to 5s., or at least 
3*. pef gallon), but whfch is out of <be^ questiqfl at the present 
time. Jt also evident that such lowering of prices, if it 
had not* occurje^ ftom other causes, would ha<t been the 
inevitable consequance of ^ny large Extension of the process. 
In the discussion of David’s paper it was- stated that it takes 
all the gas produced, and i* cwt of coke iiv aHHirinn frvn «r 
coaf, to heat the ^as-teforts 

E. Drew (B. P. 5039, 1WS3) proposed carl^in.. mechanical 
arrangements fo* treating the gas with heavy hydrocarbon oils. 
Another patent ol tfie s!m»e*nventor(No. 5505,1883) prescribes 
treating the gayifith such*f)ils in a hiihlv state.* 
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Levinstein (/. Soc. Chem. Ind., 1883, p. 217) points out that 
the quantity of benzol to be extracted from cbal by these 
processes (carbonizing it for that special purpose, and con¬ 
densing the benzol from the gas by oily absprbents) is thirty 
times the amount of that yielded by coal in the ordinary 
process, namely, allowing most of the benzol to remain in the 
gas, and only recovering what is found in the tar. The benzol 
obtained by the new processes, however, is not so easily 
nitrifiable as that, made from tar. 


Extraction of Bensol from Coke-oven Gases. 

The quantity of benzol present in coke-oven gases is not so 
great as that contained in illuminating-gas, but quite sufficient 
to make it worth while extracting ft; Kraemer {Gluckauf 1897, 
p. 381) estimates it equal to half of that found in illuminating-gas. 
According to Haarmann {loc. cit., p. 28), the Westphalian 
factories in the year 1900 obtained on the average 0-4 per 
cent, benzol and 0-09' per cent, toluol from the coal coked; 
the factories of the Laar district recovered on the average 0-9 
to i-o per cent, benzol from the coke-oven gases. According to 
Brunck (communic. to Dr Kohler), the yield of benzol depends 
not merely upon the quality of the coal and the temperature 
of coking, blit .also upon the tightness of the oven-walls; in the 
various German coking-districts the.vield ranges from 0-4 to I'O 
per cent, of 90 per cent, benzol and 0-15 to 0-3 pei* cent, of its 
homologii'.es. In Westphalia the yield is from 075 to 1-45 per 
cent, of the coal! Comparing this'with Bunte’s statement that 
the Kaflsruhe illuminating-gas contains benzol on too 
coal charged ihto the reports, the difference in the benzol coti- 
tents of illuminating-"andToke^oven gas cannot be Very serious. 

Whil,st*ln the case of ordinary illvrminating-gas it is a 
doubtful advantage to extract, frptn it its Inost valuable light¬ 
giving constituent,'benzene, and thus to grqatly reduce its 
value, and while aj'the presefnt time the carbonization of coal 
ir^sfleh a way as to make the.ptbduction of benzol the principal 
aim is utterly piJremunera'tive.it'^eeras a much more promisitig 
idfea to submit thS gases obtained as a by-prof Act in coke-making- 
'to, a similar treatment for extraitftilg the benzoh, /instead of 
burning {he I’^tter arfuel for the'coke-oven^ along with the! 
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great bulk of those gases. It is^ evident that in this case the 
benzol may be considered as a clear profit; for tljc gases are 
always more than sufficient for heating the coke-ovens, even 
after abstracting the benzol. Although the great indu.stry 
which has sprung ifp in that line does not apply to ordinary 
illuminating-gas, but _to that of coke-oven gfcses, treated in the 
next section, we shall describe the apparatus used for that 
purpose in this place, since it is entirely on the same lines as 
that intended for taking the benzol out of retort-made illumin¬ 
ating-gas. 

The pioneer in this field was ^Carves (B. P. 15920, 1884), 
who applied the process to the gases produceS in his own coke- 
ovens {cf. later on).^ He employs as an absorbent for 
extracting the benzol from his waste gases the heavy portions' 
of the oil obtained in the distillation of the tar procured 
from his own ovens. The gas is first made to pass through 
scrubbers consisting of upright cylinders, filled with pebbles’ 
or ganistcr, over which the oil is made to flow down. From 
the scrubbers the gas passes into onS or more wash-boxes, 
the lower compartment of which is again charged with heavy 
oil, and communicates with an tipper compartment by means 
of a great number of small tubes passing tiown from the 
partition and dipping into the oil, so that the, gases entering 
above are caused, by pressure or by exhaust at the exit of the 
lower compartment, to pass down these tubes and to bubble 
up through the liquid. Several of these wash-boxes are 
employed in combination, and are so arranged t^at the oil 
florfs downward from the first to the secondiiMd so*on to the 
last one, while<he gases first enter the lowest and successively 
pass to to the highesf wash-box; aqd thence tfc the ovens, to be 
burned. ’The oil coming from thejgwest box is further made 
to fee <3 the abjve-mf ntioned scrubber, so that the'gasSs richest 
in light hydrocarbons come into confact with the oif which hes 
. already taken up most of ttie hydrocarbons from the preceding 
gas, and the almost exhausted gas is always brought -into 
contact with fr^sh piS In £i»der to •separate the benzol from 
the heavy oil, the mixture^* heatejl in a still proyified with an 
ejdternal steam*cpil, or heated from without ov a, fire or <by a 

A.g^tent for.fte sam^i9e;»has also been taken out by J. Cbates^B. P. 
, 11*02,1885), 
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coke-oven gas, to a point, where the light oils are volatilized 
while the hjavy oil is not affected. The escaping vapours are 
condensed in a worm in the usual manner; the heavy oil 
remaining behind is used over again in the wash-boxes and 
scrubbers, as described above. ' 

The process of'Carves does not seem to have been carried 
out on a real working scale in his own country. This was done 
first by Brunck, in 1887 {Stahl u. Eisen, 1892, p. 186; 1894, No. 
15; 1900, No. 13; 1910, Nos. 29,30,35,37,38,49), at Dortmund, 
and by Hiissener at Gelsenkirchen. 

Since that time a number of benzol-recovery plants have 
been erected in (iermany on the lines laid down by Carves. 
The coke-oven gas is first cooled down in the usual way, 
to condense most of the tar and part of the ammonia; the 
remainder of the ammonia is theniremoved by scrubbing with 
water, and the gases are then passed through similar scrubbers 
{e.g,, towers with many perforated shelves, the holes being luted 
by bell-covers), which are fed with heavy coal-tar oil. 

Donath {Fischer's Jahresber., 1894, p. 21) gives some details 
on the above subject, from which we quote the following notes. 
The gas is forced through the absbrbing-columns by means of a 
blowing-engine; but first passes a collector and a cooler, to 
, equalize the current and to remove the heat generated in 
compression. The columns are 7 ft. wide and I'o ft. high, and 
resemble those employed in ammonia-soda works, the gas 
entering from below. The absorbing oil takes up at most 10 
per cent, q)’ its weight of benzol, sometimes only 6 or 7 per cent 
All of this iias tofibe heated to 200° p,, in order to distil off the 
benzol. The coolers, connected with the stilis, serve at the 
same time for'a previous, heating of the benzol-oil; Th.e 
absorbing-oils can be used<iwenty times over again Before they 
become too«thick by the accumulation of paphtfjalene ‘and tar, 
and must' be removed. This loss amounts to about 5 ppr cent 
per annum. The cost of plant for treating the gas from 300 
tons of coke per dayjs;f4300pt^e expense of working, inclusive 
pf interest and amortization, ds about .,;f435o per annum, 
The' yield,qf benzol varies from.'0'3 to 0-7 per cent of the' 
/ coal carbonized. ’■ 

' ‘ Process of'Hireel.—'fl& owe (the. following details and 
diagrams to If. Hkzti, LeipzigiPlatwitz.” teg. 6 shows a 
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complete benzol-absorbing or “oil-washing” plant, according 
to Hirzel’s German patent No. 99379, for tKating from 
3,500,000 to 5,200,000 cubic feet of coke-oven gas per .24 
hours. There are three oil-washers of different' construction, 

8 to 10 feet wide and 16 to 23 feet high.' A set' of pipes, 18 
to 20 inches wide, conveys the gas from below, at A, first 
into a Hirzel’s tuyere-washer (Ger. P. 96228), into which 
the oil is forced through 200 up to 400 jets (a) in such 
manner that a spray is formed, filling the whole of the space, 
which quickly and completely removed the oil from the gas 
coming from the washer B. From here the gas travels through 
pipe C into a“ bell'-washer,” £), and passes through this also from 
the bottom upwards, being constantly brought into contact with 
the oil by means of the bells or caps dipping into the oil. 
The latter enters at the top at d, asid descends from compart¬ 
ment to compartment. These washers are now made with 24 
or more compartments, containing 3000 or 4000 bells. They 
act very well, but are more complicated and expensive than the 
tuyere-washers. Lastly, the gas enters through E into the: 
“shelf-washer” P', and leaves this at the top at f. This 
washer contains a number, sajt 28, of supcrpo.scd wooden 
latticework or wirework shelve.s, on which the oil runs from 
the sprinkler h, passing through the interstices of the lattice 
shelves;. 

Whilst^the current of the gas travels from A to B, D, h', and 
comes out at/, the washing-oil travels in the opposite direction. 
It is pumped from the store-tank G by pump /j, first into the 
last washer F, v^here it meets alipost debenzolized gas* and 
takes the last benzol out of it; it flows through i into tank Gj, 
from this throwgih pumpthe bell-Vasher D, and through 
*1 back into Gj. ' The oy^flow from Gj leads throilgh 4 into 
tanlfGj; f«om here pump /j Vorces the^oil^ifto the tuyere- 
washer F, where it meefc with fresh gas aud is now run back 
through 4 into Gj. The overflow'of this tank leads through 4 
into the Collecting t^k Gj, frqpi ^#hich the now enriched i)il 
is pumped by pump p- through pipe' k, inffp the stills ^sea' 
bel 6 w). ” 

' .Some ^nutacturers employ wo aineren|^kinds of washing- 
oH, but Hifzel prefers using only gn* quaHtyWhicb sefves for 
talHner 98 •per oent of''all*berizol outrf)! the gha The oil must 
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be neither too thin (as it will fherk not remain long enough 
in contact With the gas) nor too thick (as it wil^ then froth 
and solidify in the Cold). The best oil yields:— 
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Care should be taken that very little distils over 300° C. 

It is also very important to employ the oil at the proper 
temperature. Already at 25° C. it Ipses some of its absorbing- 
capacity, and at 40° most of it The best temperature Js 
fiwm 15° to 20°; an artificial cooling to 10° or below does not 
offer an advantage corresponding to the trouble. 

From G3 the oil is continuously pumped by p through k into 
the elevated store-tank H (Fig. 7), and is from here continuously 
fed into one or more Hirzel’s'stills, K. First the oil, conveyed 
through pipe /?, passes the heater J Jj from the bottom upwards. 
The lower part, J, is heated by the vapours coming from column 
K ; the top part, Ji, is heated by direct steam. The warm oil • 
leaves the heater and through enters the column K near 
the top. «rhis column is provided with steam-heating coils, 
placed in each chamber, covered by the oil, and heating this 
up fo 110° or 115'’. This i^ necessary to en^le a slow current 
of dry steam t® drive out the benzol. At the top, through 
siteanT and benzol vapOurs escape,,gass through,the lower part 
of the heJter J, and from here entqf Jth# condenser M. From 
here the water^and the crude Benzol run into the<«eparator N, 
with its vapour-pipe m:, and from tKis the water ruhs off at^, 
the crude benzol (visibly) ttirough and «2 into tank O. 

Such a column of 3 feSt 3 tnches diameter distils !n 24 hours , 
6o*cubic metre%*(abput 200cvaubic feat) of saturated washjng-oil 
at a pressure of 4 or 5, or ef*n 3, atpiosphere;. If t^e terrtpera- 
ture in the calumns is properly regulated,* b^y, the aid of 
therjnpmeter %tand,aj ii5°C., the crude benzol collecting 
in O tests regmirly 50 per cent.,'and iaverjjlitde coloured.* At 
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130° the vapours already contain part* of the washing-oil and at 
150° to 160° khis can be entirely brought over (see below). 

The hot washing-oil, now free from benzol, leaves the column 
through 0, run's into the cooler P, then through other coolers Pj, 
Pj, or more, Snd at last into tank G (shown also in Fig. 6). It 
is therefore in constant circulation. • 

The 50 per cent, crude benzol from O is usually rectified for 
90 per cent, benzol. It is for this purpose run into the steam- 
still Q, with a column-top, R, a dephlegmator, Rj, and a con¬ 
denser, S. From^ the latter we obtain “first runnings,” then 
90 per cent, benzol and “last runnings” (toluol, etc.). These 
flow into the .separator T, with vapour-pipe s* the water alone 
runs off through v, the distillates (visibly) at Wj; the three-way 
cock directs them into either of the receivers, V, Vj, or Vj. 
The 90 per cent, benzol thus obtained is perfectly colourless, 
limpid, and easily purified in the usual manner by washing 
with sulphuric acid and caustic-soda solution. The residue 
remaining in Q is collected by itself or mixed with the 
washing-oil. • 

If the temperature of 115'’in the still is not exceeded, the 
washing-oil suffers no decomposition and very little of it is lost. 
It might be used over and over again for ever, if the coke-oven 
gases coming from the condensers were free from tarry matters. 
But the condensers usually employed do not purify them 
sufficiently from naphthalene and tarry matters, which collect in 
the washing-oil and gradually diminish its absorbing-power. 
Spent oil sometimes contains 50 per cent, of naphtMalene and 
pitch. Such-oil must be regenerated, whicl>can be done by 
distilling it in ordinary tar-stills; but this produces a.washing- 
oil cofitaining too much naphthslgne and corKtjtuents boiling 
oyer 300°.*.It is much better to reipnei»te the spent washing- 
oil in a heatable IJirzel-coluAn at 150° to 160° fi., in which 
case the distillafe, consists essentially of oils boilftig below 
300° C., and, after separating \h& naphthalene by cooling, forms 
a most excelleht absorbing-oil._ .The residue from tfie column 
is good soft pitcj^. 

The above-described pfeceds had beer; carried ouf in 
the year 1900^n twefve large plants. Ite advantages are: 
treating ypry la^e quapt^ies of coke-oven gas’ih a limited' 
space, distilling^ rtie washjng-oil ’tonUmuusly^, aad obtaining at 
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once 50 per cent., by a second distillation colourless 90-per¬ 
cent. benzol. The consumption of steam and pooling-water, 
owing to the low temperature, is comparatively small. The 
work is automatic,‘ and one man can superintend the whole 
plant. 

Other process^ for the recovery of Benzol from Gases .—Marks 
(B. P. of the Compagnie pour la Fabrication des Compteurs et 
Materiels d’Usines, No. 10577, 1897) employs for this purpose 
revolving drums, through which both the absorbing liquid and 
the gases travel in a circuitous way. 

For washing out benzol from coal-gas or coke-oven gas, 
Heuss recommeiids a mixture of equal proportions of creosote 
oil, containing not above 2 per cent, of naphthalene, and 
anthracene oil, which yields no notable secretion of anthracene 
when cooled down to —4° (private.communication). 

Heinzerling (B. P. 12390, 1892) condenses benzol from 
the' gases from shale and coke by means of cold, either 
directly or after removing the tar and ammonia. They are then 
compressed and cooled down to 4-5° or 10° C, or passed direct 
into a solution of sodium or calcium chloride, kept at temperatures 
of — 10° down to —45°. Here mftst of the benzene is separated 
as a kind of grease on the surface. The escaping gases are 
forced to yield the liquid drops carried along by passing them 
through sieves, and then enter into an expansion cylinder, 
where they are brought down to a plus-pressure of J or ^ 
atmosphere, utilizing the mechanicat force thus gfnerated to 
compress a further portion of fresh gas. The gas issuing from 
this cylin^fcr is qgain deprived of liquid particler, and is "used 
for a preliminary cooling of the above-mentioned saline solutions. 
The latter may be dispense^ »'vith by simply allowing the cotjp- 
pressed and cooled ga# tb^expand, which causes tliw benzol to 
separate OKf. in consequence 6f the fall^of temperature, and 
admits of cooling fresh icompressed gas by the same means. 
This process was practically eaitSd out at a Silesian works, 
for recovering the benzol frpm 40^000 cubic fnetres gas per 
day. g About' 145 tons of crude*,ljenzol.were actually obtained 
at a cost of i^3s. per lOO* kg.» crude benzol, apart from 
interest and atnortization. Owing to this, qnder most con- 
ditions excdsMve, cost and other circup^stance^ the process was 
stopped, 
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The Gewerkschaft Konig Ludwig^i^Ger. P. 136780) scrub the 
gases as usual with heavy coal-oil on the cougter-current 
principle, and expel the volatile parts absorbed by means of 
steam, overheated to 300°, in which case all the naphthalene is 
also expelled* so ^hat the absorbing-oil, after cooling, can serve 
over and over again. 

Sorel (B. P. 242, 1900; J. Soc. Chem. Ind., 1900, p. 337) 
distils the oil containing benzol by means of steam in a 
continuous-distillation column so constructed as to admit of 
separating the vapours into as many products as there are con¬ 
densers employed, and thus varying the quantity and composition 
of each fraction at will. This he effects by partial cooling down 
to the temperatures of ebullition of the mixtures of steam and 
the single hydrocarbons concerned. At 93° C. nearly the whole 
of the xylene will escape condensation, but at 82° C. almost all 
the xylene will be condensed, without much toluene; at 72° 
a product very rich in toluene and heptylene will be condensed; 
below 65° almost all the benzene, without sensibly affecting 
hexylene or carbon disulphide. 

Wilhelm {Z.fur chem. Apparatenkunde, 1907, pp. i and 33) 
discusses the various process* for absorbing the benzol from 
the coke-oven gas. The scrubbers, containing superposed sieves 
for converting the absorbing oils into drops, are le.ss expensive 
to work than (he column apparatus, as the.se require a pretty 
strong pressure to force the gas through the liquid. The 
absorbing-c^l, which takes’up about 2 per cent, benzol, is first 
employed for cooling hot tar-oils, and is thus heajed up to 
80° Q; after .this it is treated with open ste«m in* distilling, 
columns to expeWthe benzol. Before using it again for absorbing 
banzol^ it is cooled dowti to 18° oi*jo° C. Afte» having been in 
use for sorst time, its absorbing powers af» reduced; it is then 
run into, the tar-pit^ and fresh* tar-oil is introducsid into the 
process. The crudp benzol is rectified and purified in th» 
usual manner (as described*iTi this volume. Chapter XL), and 
IS sent out a? pure benzene, toluene, ^jylene, and solvent 
n&phtha. 

At the Bulinxe worxs 01 rue ftKtien-tjeseii^nait li^r Kohifen. 
destilla'tion A. ftiissener, the recovery of.benzo^ from the 
gases has been ^atly igi^rjved by cooling the atlorbing-oHs 
by means' of a Linde colcj-produCing* machine dowi> to abSut 
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0° C By this means up.to q5-4 per cent, of the benzol con¬ 
tained in the gases has been recovered, the average being 93 
per cent, 

Kunow (Ger. P, 14330^), very much like Hirzel, introduces 
the absorbing-oil into the gas by means ‘of atomizing it, and 
employing a steain jet at the same time. 

According to Schreiber {Eniwickelung der Kokereiindustrie 
Niederschksicns, 1911, p. 35), in Lower Silesia benzol-washers 
are employed, similar to ammonia-washers, according to a 
patent by Zschokke, 50 to 59 ft. high and 10 ft. diameter. 
For each 1000 cubic metres (=35316 cub. ft.) of gas the washing- 
surface should not be less than 120 superficial metres (=1237 
sq. ft.) of washing surface. Each 1000 sq. metres washing- 
surface should occupy 15 cub. metres. 

The above-mentioned process of Franz Brunck (p. 72) for 
the benzol recovery from coke-oven gases was first introduced 
at the Kaiserstuhl pit in 1887, and during the following year* a 
series of such plants was erected at Westphalian and Silesian 
coke-works. The largest of these, for 300 coke-oven^ at the 
Julienhiitte in Upper Silesia, was improved in 1894 by the 
introduction of continuously acting oil-washers, employing to 
begin with tar^oils boiling at 160° to 200°, and, following these, 
heavy oils boiling at 200° to 300”. This improved plant is 
described and illustrated in Lunge-Kohler’s Industrie des 
Steinkohlentcirs und Ammoniaks, 1912, pp. 145 to 148, where 
we also find on pp. 148 to 150 the description and. illustration 
of the q'ewest plant of the firm Dr C. Otto & Co., and on 
pp. 155 to 163 that of the firm Carl Still, of Recklinghausen 
(Westphalia). “ 

Descriptions of plants foy’the recovery of benzol from coke- 
oven gases are given Groeck (Collin’s ovens,'•Z. Verein. 
deutsch. higen., 1915, p. 116); Gossler (Ger. P.‘282488; 
>Z. angew. Chem., 1915, iVj, p. 269); Pietrusky {Oteni. Ind., 1915, 
p. 200; plants of the Cam'bna Steel Co,, of the coke- 
works at Woodward, Alta,, of the "Tennessee'Coal and Iron* 
Co.,.-of the tinited Stales Steel fCorpcvaJion;, etc., etc.). • , 
^Barnick^(C/ 5 ^j»r. Apparatur, 19(5, pp. i et seqi) describes with 
illustration? the apparatus employed at German coke-works for 
obtaining the benzol from the g^seSjoas as tlje plant for 
Teitifyinpthe crude benzol. ‘ 
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Diamond (/. Gas Lighting, 191S, p. 267; J. Soc. Chem. Ind., 
I 9 I 5 > P- 539)iBtates that to recover the maximum quantity of 
benzol from coal-gas, the washing oil should have a sp. gr. 
between i'04. dnd i-o6. Coal-tar creosote absorbs five times as 
much benzol ^s filtered anthracene oil. The amount of water 
in the washing oil should not exceed i per c#nt.; the presence 
of 2 5 per cent, in creosote oil reduces its efficiency by over 
35 per cent., 7-5 per cent, by 45 per cent., and 10 per cent, by 
73 per cent. By reducing the temperature of the gas below 15°, 
and that of the washing oil to 0°, absorption is increased by 
20 per cent., but the cost of the cooling is prohibitive. The 
extraction of i gall, of benzol from gas per tt)n of coal results 
in a decrease of 4-5 per cent, in the calorific value of the gas; 
removal of 2-5 gall, produces a decrease of 7 per cent, and of 3 
gall, a decrease of 8 per cent. 

Toluene is also recovered from coal-gas. According to 
J.JGas Lighting, 30th March 1915; J. Soc. Chem. Ind., 1915, 
p. 416, the Gas-Light and Coke Co. has been treating daily 
15 million cub. ft of gas at Beckton for the recovery of toluene, 
and this quantity will be increased shortly to 20 million cub, ft 
Research and large scale experiments have led to finding out 
the most suitable wash-oil and the quantity of oil required to 
extract a maximum quantity of toluol without materially 
reducing the illuminating power or calorific value of the gas. 
By using a limited amount of oil in the washers, very little 
benzene is extracted from t?ie gas, and a crude spirit is obtained, 
rich in toluene, xylene, naphthalene, etc. By this rafeans, only 
a small quantity of benzol has to be returned to tSe gas, and 
the plant for dsaling with the saturated oil is comparatively 
small. • Rotary and centrifugal* .washers are» ^sed for the 
absorption»»f the toluol by the wa^i^pil# • 

. The' -method of. working * is as follows:—The cooled 
debenzolized oiT Ts,pumped from th^ cold-oil store-tank at* 
a constant rate through the wash'er, where it meets an opposing 
stream of gas. * From the •washer, the oil, pow containing the 
toluene, etc., runy into « storp-Jtank, from which if is pumped 
through the counter-current* he’at-economiseps to .the sttlls, 
in which the wgsh-oil and the light spirit ore* separated Joy 
means of ^team./^This aijethod of separation is 'not unduly 
expensive'in straw, provijled thfi wash*oil in 4 he extractiRn 
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washer is not used excessively. To secure further economy, it 
is proposed to make a trial of a direct-heated coil,<an expansion 
chamber being worked on the outlet The hot wash-oil from 
the still flows to a collecting-tank, from which' it is pumped 
through the heat-exchangers, and onwatds through water- 
coolers, after which it flows to the store-tank, from which 
the extraction washer is fed. The light spirit-vapours, after 
leaving the still, are conducted through a condenser, the 
condensed mixture of benzene and toluene flowing to a collecting 
tank after the separation of the condensed water. The 
mixture of spirit is afterwards rectified in a fractionating 
boiler, where the lighter spirit is separated from the toluene, 
xylene, etc,, before this heavier boiling portion is sent to 
the products work for rectification—a yield of about one-third 
gallon of pure toluene per ton of coal carbonized being 
obtained. 

Davidson (/, Ind. Eng. Chem., 1915, p. 438) states that coal- 
gas contains from twenty to forty times as much toluene as the 
tar produced at the skmc time, and that from 10,000 cub. ft, of 
gas 2 lb. of pure toluene can be obtained. 

Statistics on the recovery of benzol from coke-oven gases 
are given latei* on, in connection w'ith the treatment of these 
gases for tar and ammonia. 

Recovering the Benzol from Coal-gas as Nitrohenzol. 

Attenjpts have been made to extract the benzol from coal- 
gas in a different manner, nanjely. by passing flee gas through 
nitric acid, or a mixture of nitric and sulphuric'acids. This was 
patented by Lfc'igh as eai;ly “as 1863, But nothing came' of-it 
The process was ofioe mere taken up by J. A. Kdhidal (U.S. 
P. 25247^ 1882), who first passed .the gas, through strong 
sulphuric acid, in order ‘to extract from it (those hydrocarbons 
(belonging to the " unsaturated ** fatty series) which are an 
impediment to th^. ready nitrification of the benzene, which 
process was effected by* a second pas^hge tlV’ough a mixture 
of nitric and sulphuric acids. Il' is not possible to avoid the 
fopination of dinitrobenzene; and Kendal, fnom the first, set 
out with the intention of prod^icing thfs '(i^ompoynd as the 
prfncipal '^ro^lhct. I^Vidifcntly the process did not pay; and it 
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was therefore modified in sucl^ a •manner as rendered the 
previous rerflovai of the unsaturated fatty hydrooarbons un¬ 
necessary (B. P. 1541, 1882; Ger. P. 24318). The coal-gas is 
passed through ^ superheater consisting of metal tubes partly 
filled with coke or charcoal and kept at a red heat. The flow 
of gas is regulated by a valve or meter to the point at which 
most benzol is produced for a given weight of gas. This is 
ascertained by passing a trial quantity through a vessel con¬ 
taining a mixture of I part of strong nitric acid and 5 parts of 
strong sulphuric acid up to the point where the change of 
colour shows the mixture to be saturated wjth benzol. The 
dinitrobenzene formed is precipitated by water, dried, and 
weighed. This test is repeated till the best proportions for 
■the given case are found. As an instance, good results 
were obtained by passing 8ckx> cubic feet of gas per hour 
through nine cast-iron pipes, 8 inches wide, and each exposed 
tothe heat for a length of 10 feet The superheating process 
reduces the illuminating-value of the gas, but it is asserted 
to increase the quality of benzol by from 5 to 40 per cent., 
and to make the gas fit for directly producing nitrobenzene 
or dinitrobenzene without a previous washing with strong 
sulphuric acid. 

Kendal’s prpcess has been carried out on a manufacturing 
scale by Messrs Sadler & Co., of Middlesborough, who exhibited 
the products obtained by»it at the Inventions Exhibition in 
London, 1885 (/. Soc. Chem. Ind., p. 475). It .evidently 
has the great drawback that most of the benzene is cjjtained as 
dinitrobenzene—a compound which is only employed to a 
. limited extent in the manufacture of aniline colours. This 
process seems to have been aban 
somewhjit considerable quantit^s 
- nitrotoluene. 


on^d againl After yielding 
Sf diflitrobenzene and di- 


Compoiition of'Beneol obtqined from^ Coal-gas. * 

L'unge and v»*n K^tfer {Z'angfw. Chem., 1894, p. 637) Have 
analyze^ two crude benzols from colie-ovens, <}ht of frhich had 
been obtained by jabsorption, the other by* the Jieinzerlmg 
process CP..78), wi)(h t^e fftMo’i'ing Results• 
I. Benzol made by absdrtition. —Clearr’vellpw.Jiquid 'of un- 
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pleasant, tarry smell; spec: grav. at i6°=o875. Commences to 
distil at i8°fC.; it yields the following fractions ;—•* 






Per cent. 





Per cent. 

From 18” 

to 

28" . 

. 0*»1 

Frgm 81'' 

to 

■ 

. 20-44 

JJ 

28 

)f 

40 . 

. 0*26 

>» 

9I 


100' . 

. 4-37 


40 

ti 

SO ' 

. 0-15 


100 

» 

in . 

. 8-96 


50 

if 

60 . 

. 0*50 


III 

if 

140 . 

. 2-27 


60 

„ 

70 . 

. 1*62 


140 

JJ 

ISO . 

. 0-78 


70 

5 > 

8i . 

• 58-91 

Residue 



0-62 


Loss, 1-5 per cent. 


II. Benzol mode by compression and cooling .—Dark liquid, 
similar to “light-oil" from coal-tar; spec. grav. at i6"=o-893. 
Begins to boil at 30°, and yields:— 






Per oont. 


Per cent. 

From 

30° 

to 

50” . 

. O-OI 

From 120° to 140" . 

. 4’20 

JJ 

50 

JJ 

60 . 

. 007 

» 140 ,,150 - 

6-25 

JJ 

60 

JJ 

80 . 

. 26-075 

0 

00 

0 

- 2-67 

JJ 

80 

JJ 

90 , 

. 24-61 

„ 180 „ 205 . 

- 3-91 

JJ 

90 

JJ 

100 , 

„ 12-52 

„ 205 „ 250 . 

- 4-35 

JJ 

too 

JJ 

no . 

. 5-10 

„ 250 „ 320 . 

- 0-45 

JJ 

uo 

JJ 

120 . 

. 5-66 

, Residue (pitch) 

. 1-50 


Loss, r-go per cent. 


The ultimate constituents of these distillates were separated 
as far as practicable by fractional distillations and by a number 
of chemical operations, described jn the original; the final 
results are shown in the following table 


A 


9 

CoQstltuentB. 

■ 

A-baorptiun- 
benzol. ^ 

OompreseJon* 

benzol. 

u « 

Benzene . . ' 


Per cent. 

85-10 

Per cent. 

''17-03 

Toluentf . ' . 

\ , 

11-63 

i5;6r 

Xylenes 


1-54, •> 

a-iS 

Higher homologues. . * . 

<* i. 

0-09 

6*41 

Naphthalene .... 


3-99 

Higher-boiling aromatic hydrocarbons 


1*42 

Non-saturated fatty hydrocarbons • 


0-41 

0-96 

^hiophens'^ .... 


, 0-46 

0-71 , 

Phenols ..... 


<yo8 ‘ 

O-II 

Tar-basfls .f . • ,. 

. »'■. 

0-08 

0-28 

Carbon diaulp^d^. . 


o-ot 


Methyl-Cyanide . 


o-oo-t/ 

... 

Mercaptans .... 


a c otbo6s8 


Residue . „. 


0-62,' 

-1-50 




















The difference between these, two descriptions of 
undoubtedly'caused by the fact that the absorption-'benzol 
has left its high-boiling constituents in the absorbing-oil on 
redistillation. , 

According to Sclireiber {Koksindustrie Niederschksiens, 1911, 
p. 45), In Lower Silesia the light oil distilling from the benzol, 
washers of coke-ovens yielded 55 per cent, benzol (boiling-point 
up to 100°), 17 per cent, toluol (boiling-point 100° to 120°), 
9 per cent, xylol (120° to 150°), 6 per cent, solvent naphtha 
(150° to 180°), and 15 per cent, residue. 


Estimation of Benzene and its Congeners in Coal-gas. 

Hempel and Dennis (/. Gasbeleucht., 1891, p. 414) employed 
strong alcohol for absorbing the benzol contained in coal-gas. 
Dennis and O’Neill (/. Amer. Chem. Sac., 1903, p. 503) found 
this unsatisfactory ; they shake the gas during three minutes with 
an ammoniacal solution of nickel (16 g. nickel nitrate dissolved 
in too C.C. water -j- 2 c.c. concentrated rfitric acid, and poured 
into 100 c.c. concentrated liquor ammoniae). Before measuring 
the contraction, the ammonia vapours must be removed from 
the gas. To this Morton (_eod, loco, 1906, x’xviii., p. 1728) 
objects that that reagent has only the dissolving pow'er of 
water or dilute ammonia for benzol; he, on his part, considers 
as the only proper method,for estimating benzol in coal-gas, the 
absorption by sulphuric acid of specific gravity !• 84, a,correction 
being made for the absorption of non-saturated aliphfitic hydro¬ 
carbons. To’ this Dennis .and M'Carthy reply in the same 
journal, 1908, xi/'x., p. 2^3. They now employ an amfinoniacal 
soiutidn of nickel cyanide which* qijantitatiyel^ absorbs the 
benzen^ frcftn air or coal-gas. , Th^ reagent is prepared by 
adding a’solutian.of £5 g. of potassium^ cyanide in 40 water, 
to a solution of 5c g. of (jifkfl sulphate crystals in 75 c.c^ 
water, then adding 1^5 (;c. ammoniacal liquor (sp. igr. 0-91), 
shaking and cooling down to 9° C., in order to precipitate the 
potassium sulphite., t’our off ,the Clear liquid and ad^ a 
solutiop of 18 g. citric acid ci^'Stals 4n 10 c.c.*\*ater; allow to 
stand at 0° C. for^ten minutes, decant the Ifquid .aqpd transfer 
it to a Hempel pfipe’tte, the ^pper bulb of which is filled w^h 
broken glass. ’The gas to be analysecf’is gasiad in and out 
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several times, and is then transferred to a similar pipette 
containing »sulphuric acid, to remove ammonia.' The nickel 
cyanide solution prepared as above does not absorb measur¬ 
able amounts of ethylene, or other constituents of ordinary 
coal-gas, except those which can be absorbed by potassium 
hydroxide solution. The authors find that the method sug¬ 
gested by Morton, as above quoted, does not yield constant 
results. The strong sulphuric acid absorbs both ethylene and 
benzene, and presents difficulties in manipulation, by frothing 
to such an extent as to make the accurate reading of the 
gas volumes vveUrnigh impossible. 

Harbeck and Lunge (Z. anorg. Ckem., 1898,xvi.,41) pass the 
gas through about 110 c.c. of a mixture of equal parts of con¬ 
centrated pure sulphuric and nitric acid, contained in a 15-bulb 
tube which retains the benzene as dinitrobenzene. The latter 
is separated by diluting and neutralizing the acid mixture; it is 
then dried and weighed. Pfeiffer (/. Gasbeleucht., 1899, p. 697) 
employs this method in a somewhat simplified form. The same 
author later on {Z. an^ew. Chem., 1905,1156) shortens the process 
by titrating (instead of weighing) the dinitrobenzene; he reduces 
it by stannous chloride and titrates the excess of this with 
decinormal iodine and starch solution. 

Haber and Oechelhauser {Ber., xxix., p. 2700), in a first 
operation, estimate the benzene and ethylene together in the 
usual absorptiomet'ric way, and then,ethylene by itself, by means 
of bromine vapour which combines with the ethylene, but not 
with theL,.benzene vapour; so that the latter is found by 
difference. In igoo Haber once more draws attention to this 
process ‘ and justifies its accuracy. He proceeds as follows. 
Determine the' Qontents, efi a Bunte b'urette below the' lowest 
division to the tap'by weighing. Introduce about'^ c.c. of the 
gas to be tested and read off. Draw off, aJl the water by 
aspiration exactly down' to thp tqp, allowing a few minutes for 
the water adhering to the sides to qollqct, and drawing off this 
last drop a,s well.,‘Pour about 35 c.c. bromine water from a 
stqilk bottle into a cup; allovy lo-to i 5 'c.Croftthis to enter into 
the burette.; qbserve the volumefin the burette, and allow a few 
drbpsof wjitjer to‘enter from below in order tp force the bromine 
captained in the capillary below thp tap into the burette., Incline 
and turn'thejiurette *io ks to fill it with bromine vapour whose 
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brown colour must prevail up to the end. After two or three 
minutes allow a strong solution of potassium iodide to enter, 
shake well, empty the contents of the burette into a beaker, rinse 
it with water, and titrate.the free iodjne by thiosulphate solution, 
noting the temperatbre and atmospheric pressure. Before and 
after this operation estimate the percentage ofthe bromine water 
in the stock bottle by titrating lo c.c. with KJ and thiosulphate ; 
the average of those two tests, which ought to differ very little, 
is employed for calculating the result. One litre of decinormal 
thiosulphate=M2i litre of dry ethylene at 0° and 760 mm. 
The bromine water employed shquld be decinormal or even 
weaker. * 

Pfeiffer {Chem. Zeit., 1904, p. 884) passes the gas through 
strong nitric acid, thus producing dinitrobenzene, which is either 
weighed or reduced by stannous chloride and titrated with 
iodine solution and starch. 

• Misteli (Z. angew. Chan., 1905, p. 393) discusses various 
methods for the same purpose; so does Stavorinus (/. Gas- 
beleucht., 1905, p. 272). He specially reeommends the methods 
of Dennis and O’Neill, who apply ammoniacal nickel nitrate 
[Chemische Zeitschrift, ii., 229"). 

Muller (/. Gasbeleucht., 1898, p. 221) absorbs the benzol in 
cooled paraffin oil. Special apparatus for this purpose is 
described by Nowicki (fiiV., 1905, p. 292); Jenkins {Stahl u.‘ 
Eisen, 1912, p. 1129); Krieger {J. Gasbeleucht., 1915, p. 62). 
Other methods have been de.scribed by Reineke(Ger. P. 285920)' 
and by Burrell and Robertson {J. Ind. Eng. Chem., i^is,p. 669). 

B. Tar {and Ammonia) obtained as By-products in Coke-making. 

• We have seen above (pt tj) iljat more' than a hundred 
years ^go* ^ somewhat successful ^.tcrnptVas made (by Stauf) 
to recover thg. tar.formed in the coking of coa? It is not 
surprising that nothing furthej shoufd have come of this; for 
in the first instance it must have been soon percpived that 
there was no profitable outlet.for coal-tjr at that time, and 
moreover, it is JJery Ifkely that the quality of the*coke suffered 
under this kind of treatment* 

For a long while after the extraction of tar^and ammonia 
had been tecognizeB as «.very valuable accessory of'gas-makihg, 
it was firmly belfeved that only ihfertor'Coke cOiild bfc prod&ed' 
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in this way, similar to what is obtained in retorts at the gas¬ 
works, and that the coke required for metallurgical purposes, 
more especially for blast-furnaces, could only be obtained in 
beehive-ovens or similar .apparatus,, untrarnmelled by con¬ 
trivances for dealing with the gases Or the condensable 
products contained therein. It had certainly been proved 
for some time past that at least the combustible, gases escaping 
from the mouths of coke-ovens could be utilized in a more 
profitable manner than for illuminating the surrounding pit- 
heaps at night; and the improved coke-ovens constructed by 
Appolt, Smet, Coppee, and others had been for thirty years in 
general use in Germany, Belgium, and France, before in Great 
Britain anything seemed to shake the belief of iron-smelters in 
the infallibility of the beehive-oven. But even on the Continent 
it was thought that, although the gases might be advantage¬ 
ously used for supplying the heat necessary for the destructive 
distillation of the coal, any attempt at condensing tar and 
ammonia must necessarily be fatal to the quality of the coke. 
This belief has long* since been proved to be altogether 
unfounded. 

Certainly, as we shall see iJelow, the tar formed in the 
open beehive-6vens, which in Great Britain are the type 
almost universally adopted, is a substance very different indeed 
from gas-retort tar, and it is questionable whether its collection 
will always pay for the expense of it; but it is altogether 
different with the tar from the “close” coke-ovens long since 
introduce 4 on the Continent, which tar is practically equal to 
normal gas-tar. This difference in the quality of the tar is caused 
by two circumstances, viz.first, that in the bfeehive-ovens and 
all similar ovsnS^air is adijiitted into the coking-chambef, and, 
secondly, that the'telnperat<lre in these ovens is very Vnuch below 
that obtairfed in the close coke-ovens and the gas-retorts. 

• The process of obtaining tar and ammonia as by-products 
in coke-ipaking (not reckoning the abortive attempt of StauQ 
originated in Francp, and remained stationary for a remarkably 
lonp«time until, all at once, about the year 188 1, new interest 
was aw’akened in the subject, an (4 it was taken up with almost 
feverish activity, more especially in Germany, but also in Great 
Britain, much less so in its original home ih France.. It seems 
• that the first apparatus of this kind was thht constructed by 
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Knab in 1856,^ of St Denis, neat' Paris', at Commentry; but the 
condensation»of tar and ammonia in these ovens was only later 
on introduced by Haupart and Carves. The principal advantage 
of Knab’s ovens was the increase of the yield of coke to 62-55 
per cent., inst'ead'of the 54 or 56 per cent, previously obtained. 

Knab’s (or rather, Haupart and Carves’) firiority has been 
contested by a note in Ditigl.polyt. J. (vol. ccl., p. 524), according 
to which there were fifty Pauwels-Dubochet coke-ovens at work 
near Saarbriicken as early as 1854; but Gurlt (in a letter to 
Mr Watson Smith,/. Soc. Ckem. Ind., 1884, p. 603) points out 
that no tar was then produced from the Dubochet ovens at 
Saarbriicken, all the gases and products of distillation being 
burned around the coking-chamber to heat it. From the 
description of the Pauwels-Dubochet ovens, which Oechelhauser 
examined in 1860 during a visit to the La-Villette works of the 
Paris Gas Companyit would appear that they had then been 
for some time in use for the production of excellent metal¬ 
lurgical coke, along with rather poor illuminating-gas, which 
was mixed with the richer gas made in ordinary gas-retorts. 
The temperature in those ovens was much lower than in the 
Knab ovens. Tar and ammbnia must necessarily have been 
condensed, since the gas was required for illuminating purposes; 
in fact, E. A. Behrens, who subsequently describes the same 
plant,’ mentions that the yield of tar was 4-67 per cent, and 
that it was much lighter than retort-tar, and poorer in naphtha¬ 
lene and phenols. [The specific gravity (1-2) given for that tar 
is probably erroneous.] The Pauwels-Dubochet ovens seem to 
have? been introduced merely on account of the higtter value of 
the coke (at thSt time 35 fr. per ton, against 20 fr. fpr retort- 
C 9 ke)rand appear to HSve l»en»q)5jindoned at {..a-Villette for 
some tim^ fast. 

• Aboat the^ame, time (i 85 i) patents were taken out by 
Jones and by Bfat^well for obtaining, by simple contrivances* 
tar and weak afnmoniacal fiquor when coking coal in pile. As 
' Described in Armengaud's Gtjpii 'Jndustriel, Aug. 1859, p, 71, and 
ip Dingl.polyt. /, ^1. cliv.^p. 97. Compare, ^ith reYerence to the following 
historical notes, apart from the Sjst edition of this work, also CxaXt^Die 
Btreitang dtr SttittkohltniriqueUes, p. 28; Hiissenef in Stbhl u. Eistn, • 
1883, p, 397 ; and IVj Smith, J. Soc. Chem, Ind., i 884 ( p. 6q3t • 

. ’ dHngl, polyt, J., voi, clj*,^. 294; Wagner’s lahresbet.. 1861. n. fciA ' 

’ J.prait. Cliein.'\o\. ccvi., p.*277. ' 
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might have been anticipated^these attempts were not crowned, 
with any success. Jones’s plan has been described by Watson 
Smith.^ 

Knab’s original furnaces only possessed bottom flues beneath 
their beds. A considerable improvement was Iffecled by Carv6s, 
under whose matiagement 88 Knab ovens were erected at St 
Etienne, which, however, were abolished later on. Carves, 
at Commentry, first introduced the heating of the ovens by side 
flues in addition to the bottom flues. A description of those 
furnaces, as they were working in 1862, has been given by 
Gaultier de Claubry.*' The gases and vapours escaping from 
the closed cok'e-ovens were pas.sed into a hydraulic main 
cooled by air, where tar and ammonia condensed, while the 
gases were continually drawn off by exhausters, and employed 
for heating the coke-ovens, by issuing from an annular burner 
along with air admitted into its inner space. In order to collect 
the condensable products more completely, the gas was first 
passed through coke-scrubbers fed with water, and then through 
a set of 500 uprightt lead pipes of -|-inch width, externally 
cooled by water. 

,, From 100 parts of coal there ^as obtained :— 


• 

Per cent. 

Coarse coke 

. . 70*00 

“ Pea coke ” 

1-50 

Coke rubbish (waste) . 

. . 2*50 

Graphite . . . •, 

. ' . 0*50 

Tar .... 

. . ^*00 

Ammoniacal liquor 

. . 9*00 

\jas ..... 

. . .10-58 

Loss .... 

« . 1*92 

.r... 

100*00 


The Knab-CarveS ovots yere gradually introdused into 
other places. In the years 1866 to 187^, 5,3xuch ovens we're 
'erected at Besseges, anQ loo.oy^ns at Thrre-Noire, near St 
Etienne, cl 879. ,, . ,• 

The Besffeges obke-ovens'have been minutely described by 
Dr ‘Angus Smith,“ whb, wifh v^ery great Wesight, warmly 

* J. Soc.'Chtm. fnd,, 1884, jf. 604. 

* Bulleti»ie la ^ocUU iencouragement, 1862, p. 

• 8 Fourteenthand Fifteenth Refiortson,tit Alkali Acts, {or 1878, 

49 et sef. 
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recommended this system at a time.when hardly anybody in 
Great Britainfhad taken any notice of it. ^ 

Further attention was drawn to the Carves ovens by ft. 
Simon, in a paper read to the Iron and Steel Institute in May 
1880, but without* making an immediate impression. 

Thtf Carves ovens, as they were working atfBesseges in 1880, 
have been accurately described and figured in the Bulletin de la 
SociMde ^Industrie Minirale, vol. ix., p. 283.1 After many trials 
they were made only 2 feet wide, to allow of the heat penetrat¬ 
ing them thoroughly. Over a small fire-grate is placed the 
mouth of a pipe conducting the gases formed in coking, from 
which tar and ammonia have been abstractefl, and here they 
are burned. The products formed in combustion pass under¬ 
neath the hearth of the oven, then travel upwards to the top¬ 
most of the three flues built in the side-walls, and downwards 
through these flues into the main flue leading to the chimney. 
The volatile products escape through a pipe from the interior 
of the coking-chamber; they first pass through a number of 
horizontal pipes, cooled by a stream of v«ater, and then through 
scrubbers, where they are freed from tar and ammonia previously 
to being introduced into the dbmbustion-chamber. 

The more recent modifications of the Carves ovens will be 
described lower down. 

Pernolet’s coke-ovens® are very similar to Knab’s. From 
Gurlt’s description {loc. citls it would appear*that they were kept 
at a greatei* heat than Knab’s. The condensing-plant for tar and 
ammonia was added to them by Benut and Renant, aitd seems to 
have been veVy well construpted.but a very unfavoura’Cle account 
of the working df the ovens themselves is given by Stevenson.® 

• IS 1873, H, AitkSnt^^jMMlkifk, conceive^ the’idea of 
dratviijg off tar- and ammonia-Wpouss from beehive-ovens, 
which tfras further developed m 1879.^ 

In 1879, Strohmer and Schultz (Gtit. P. 8174) proposed drawj 
ing off the gases and vapours from coke-ovens by a sliding tube 
before they liad time to'be ^dscomposecl,^ by the heat of the 
brickwork. Lejt the 'quality of the coke shoulcf suffer ^ the 
*• “ 

* Qboted throueh Dingl.polyt. /., vol. tcl., p. 254. - . 

® Armengaud’s Industriel,]\ax 1870, p. 28I; Diti^ polyt. vol. 
cxcvii., p. 4ti. ‘"’11 

' /. Soc. Cktm. Und., 1883, p. 604. ' ‘ WataOn SmiA^l884,p.'16o4. 
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gases being drawn off top fast, the sliding tube was raised or 
lowered by^an automatic pressure-regulator. This^lan was tried 
at Plauen, near Dresden, but without success. 

In 1880, H. C. Bull patented an oven somewhat similar to 
Aitken’s. • * 

About that time Ed. Fischer ^ constructed an oVen for 
obtaining tar and ammonia from bituminous shale, and more 
particularly from the browncoal breeze found in enormous 
quantities in Bohemia in the shape of pit-heaps. The process is 
said to have answered well, but only yielded an inferior coke, fit 
for heating domestic stoves.^ 

Up to the yeir 1881 none of the processes for obtaining tar 
and ammonia in coke-making had been found to be thoroughly 
successful, especially with respect to the quality of the coke, so 
that a prize offered in 1870 by the Berlin Society for the 
Advancement of Industry was allowed to lapse. The only 
exception to this rule, the Carves oven, had not become 
sufficiently known outside a comparatively small circle. Whilst 
many different ovens were known which utilized the heat of the 
gases evolved, and indeed such ovens were very generally 
employed on the Continent, the further problem of recovering 
the tar and ammonia without in any way injuring the quality 
of the coke for blast-furnace purposes was tacitly or expressly 
regarded as insoluble. 

In 1881, the coke-making public in England and Germany 
almost suddenly became aware that the long-standing success 
of the CaVves oven was a reality, and that these ovens could 
even be improved upon. In Englapd H. Simon, of Manchester, 
assiduously laboured for the introduction of* Carves’ process, 
improved by a recuperator, . k. •Si.rm^y the pioneers ih this 
line were Hussen(!r,iOttof and Brunck. In th^’year 1881 
Hussener,»of Essen, erected at Gelsenkifcheij, 50 coke-ovens 
j}{ the Carves type, utilizing the experience gained at gas¬ 
works on^the recovery of the by-products. H? worked with 
ordinary gas-coal, jpd from to‘15 per cent, of the coke 
obtained was used for iheating the ovenp, ig in the manu¬ 
facture of qpal-^^. In coi\sequei*Se of its deficiency in f9rming 
hard lumps, the other portion of the coke could not be used 
at* blast-furnaces, and therefore Husesner^ ^first ayenjpt was 
’* Husselier, Slaii u. Even, 1883, p. 409. 
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not successful; but he obtained exctllent results when using 
normal “ Fettfcohle ” (bituminous coal), both as to Jhe quality 
of coke and the by-products. He then built 50 coke-ovens, in 
which the better distribution of the^gases and its combustion 
in the side-flues mad6 it possible to dispense with coke as fuel, 
so that’the ovens could be heated exclusiv?ly by their own 
gases and even left an excess of gas available for heating and 
lighting purposes. These ovens were fitted with horizontal 
flues. 

Otto had since 1872 built Coppee coke-ovens with perpen¬ 
dicular side-flues and utilization ^ of the coking-gases for 
heating them, with various improvements of Ins own. Ten of 
these he connected with arrangements for recovering the by¬ 
products, but with imperfect success. Continued experiments 
led his firm (Dr C. Otto & Co.) in the year 1881 to build ovens 
fitted with a Siemen’s regenerative plant, which have become 
known as Hoffmann-Otto coke-ovens; twenty of these started 
working in 1884, at the Pluto pit, near Wanne. Up to 1895 this 
plant was considered the best of those working in Germany, 
after the regenerator had been confined to the air and the 
combustion of the gases hafl been removed from the oven 
bottom to the sides. 

In 1887 Franz Brunck, of Dortmund, introduced the recovery 
of benzol from coke-oven gases [supra, pp. 70 et seq^, a step of 
extreme importance for all the industries connected with 
benzol, as iwell as for the fierman coke industry. His patents 
are enumerated in the list given below. ' 

During a ^umber of year^ that new industry had lo struggle 
with the prejudiife of iron-makers, who believed the coke made 
in* th? by-j)roduct recdfe^’iftRllasej Jto be less .valuable than 
that nyide'in the old beehive-o^n?. • Tfiat prejudice was 
widely prevalqpt^ especially in Great Britain, tftitil quite 
recently. Outside of Germanj^up to'ipoo only a very small, 
number of suqh’furnaces were erected. In German)^ also the 
by-product recovery coke indu|try would ryjt have taken such a 
rapid developmqftt &s has been actually the case* if Ottc^had 
not mpst materially advancA it* b>; offering ^o coaj-miner^'to 
erect such plant*free of cost, with the sole coiidifion of handing 
over to.hijp the by-|)rod«ctSj tar, benzol, and ammoma, during a 
number of years. * 
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In Germany, Silesia was the first mining district in which 
no more c,oke was made without recovering the by-products. 
A little slower was the progress made in the Ruhr and Saar 
districts, but whereas in the year 1900 only 30 per cent, of the 
German coke was made with recovery'of by-products, that 
percentage has Asen in 1909 to 82. • 

To be sure, the cost of plant for the new system is much 
higher than for the beehive-ovens, and much greater claims 
must be made upon the skill of the workmen and the manage¬ 
ment. In some cases there is also a difficulty in disposing of 
the by-products at remunerative price.s. This explains why, 
even in Germaify quite recently, coke-ovens have been built 
on the old plan, in cases where there was no prospect of getting 
a corresponding greater revenue from the much more consider¬ 
able cost of plant of the new system. 

In Great Britain (according to Bury, /. Gas Lighting, etc., 
1909, p. 82) in the year 1900, only 10 per cent, of all the ccklce 
was made with recovery of the by-products; in the year 1909 
this proportion had risen to 18 per cent. In 1905 (/. Soc. Chem. 
Ind., 1907, p. 1230), of a total number of 257 coke-works, only 
51 worked with recovery of by-ptbducts. The number of ovens 
of the various systems in the years 1905 and 1906 was as 
follows;— 


Coke-ovens of the bid beehive shape ^ . 

1005 . 

• 25.514 

1000 . 

23,454 

„ on the plan of Coppee , 

- 2,233 « 

2,308 

„ „ Simon-Carves . 

. 726 

808 

„ „ , „ Otto-Hilgenstock 

50.’ 

768 

„ ,, „ Semet-SolVay . 

■ , 470 

670 

;, „ „ Koppers . ^ 

72 

108 

„ . „ , Sinip'fc?^.'"'' . 

78 

78 

„ , Bauer ^ . 

52'' 

, 52 

„ ♦* of other systems 

,. 1^12 

',1,782 


In thq year 1906 there were, moreover, in course of erection, 
320 Semet-Solway Md 15 Otto-Hilgenstock furnaces. 

In the United States (according to Iron Agini July 24, igC)2*), 
thwe was produced in the year 1901 altogether 21,495,853 tons 
of coke, of which oftly 1,799,000 tons were made with recovery of 
by-products. The following table is*taketi for the years 1901 
to'^1906 from ,tlie UnheeJ States Geological Survey, for 1907, 
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p. 773 et seq. \ for 1907 and 1908, frqrn the Jahrbuch fur den 
Oberbergamtsbtzirk, Dortmund, for 1909,'p. 756:— ^ 

Number of coke-ovens 

with recovery of by- tsoi- n™. mw- isos- 10011. loor. leos. 

products— * • 

At wgrk . .1165 1663 2061 3015 313^ 3603 3892 4007 

In course of build¬ 
ing . . . 1533 1346 1335 822 417 112 t ? 

On the other hand, there were in 1903,75,232 beehive-ovens 
at work, and 4940 in course of erection. In igo6, 5893 new 

beehive ovens were started for work, and 4407 were in course 

of erection. • 

Of the 3603 by-product coke-ovens working in the year 

1906 in the United States, 1295 were on the Semet-Solvay, 
1890 on the Otto-Iloffmann, 362 on the Rothberg, 56 (not 
working) on the Newton-Chambers system. The 112 ovens 
in course of erection were all on the Otto-Hoffmann plan. In 

1907 there were erected at Gary (Indiana) 1000 by-product 
ovens in connection with new steel-woijcs; 560 of these by 
Heinrich Koppers of Essen, who during the years 1906 to 1910 
erected further 816 ovens on hi^ system. 

In Belgium already in 1905, 80 per cent, of all the coke was 
made in Copp6e furnaces. Much slower up to recent years has 
been the development of the by-product coke-ovens in France 
(where that industry had been originated by-the Carves ovens!)' 
and in Austsia. * 

We shall not make the attempt to give a description of all 
the nftw coke«ovens patented during the last "few ylars, more 
; particularly since'it would involve a corresponding number of 
diagraThs; we shall merd1JS''§i¥i»»R enumeration of the different 
patents, aloTig with a reference to tnfe pJa(ms*lWiere the descrip¬ 
tions are to be fjpnd, jnd we shall then select a few oPthe most 
important and most widely adopjed plails for special description 
and illustration.* We shalT’not give any account^of such 
inventions as are only inteJldec^ to utilize l^e coke-oven gases 
fot heating-purpijSes, in order to increase the yield of ceke 
Special^ descriptions of thatVidustiy recently^ published arT: 
Modern Coking Braclice, by T. H. Beyrora «n 3 T. E. Chiis- 
topher, London, 0;. Neuerungen auf dem 'Gibiete dgr 
Nebenproduktenko^erei, by i^lfred* Gebiri, Wiai and Berlffk 
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1911; Zusammenfassend^ Darstellung der Kokereitechmk, by 
L. Herwegen, Gelsenkirchen,‘1912. = 

Patents for coke-ovens with recovery of tar and ammonia 
have been obtained by 

Strohmer and Schultz (Ger. Ps. 13395 and 16807). 

H. Aitken (PS P. 2682, 1882). 

U. Hegener (Ger. P. 13996). 

Th. Hornig (Ger. Ps. 21908 and 23670). 

F. Liirmann (Ger. Ps. 13021, 15512, 16134, 16741, 17055, 

17179, 17203, 17661, 18128, 18927, 20205, 20211,22602, 
29088, 29557, 31660). 

L. Semet aiW E. Solvay (Ger. P. 18935). Experiments 
made with their ovens by Ch. Demant are described in 
the Revile UniverscUe des Mines, vol. xiii., p. 593 j 
Wagner’s Jahresber., 1883, p. 1220. 

G. Hoffman (Ger. P. 18795). 

C. Otto & Co. (Ger. Ps. 13156, 16436, 16840, 19040, 20908, 
24586, 31004, 31590, 34431, 37062). Their ovens will 
be described,in detail below, as those most generally 
employed in Germany. 

J. Jameson (B. Ps. 1947,5076,"and 5498, all of 1882; Ger. Ps. 
24915( 25676, 27694). His coke-ovens are the most 
energetic attempts at combining the beehive-ovens with 
a recovery of the by-products, and w’ill be described 
below. 

A. Hirssener (Ger. Ps. 16923, 20196). 

H. Simon (as communicated by F. Carves: B. Ps. 544,1883 ; 

15920, 1884). 

H. Simon and Watson Smith (fe. P. 11967, 1883). 

H. Hutchjnson (B. P. 2843^ 

0 . Ruppert (Gi.,r. ,Ps.’24£(04, 26307). 

R. de'Soldenhoff (Ger. P. 2^824; B. P, 11967, 1885).' 

A. klonne (Ger. P. 26673). ^ i 

Hiltawski and Kahnert (Ger.'P. 24438). 

Schle'sische Kohlen- und ^Coksw^rke in Gottesberg (Ger. 

, 25855,26421). , ‘ ^ , 

H. H^rbertz (Ger. Ps.. ifoSff, 17873, 25526, 27506, 31906, 

, 34286). ‘ ( o 

Th. Baiier (Ger. Ps. 28530, 32235,,3266®).*' 

' Th. Nicholcon (B.vP. g 58 ,‘i 8845 (. ‘ 
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C. E. Bell (B. P. 443, 1884). 

J. McCulloeh and Th. Reid (Ger. P. 31158). 

A. M. Chambers and T. Smith (B. P. 4708, 1884; and B. P. 
7358, 1S85I 

H. Stier ((^er. Ps. 56897, 35•2o). 

■ F. Wittenberg (Gcr. P. 26132). 

A. Zwillinger (Ger. P. 29888). 

Gebriider Kdchling (Ger. Ps. 33956, 35001). 

Lothringer PLisenwerke at Ars (Gcr. P. 32841). 

J. Quaglio (Ger. P. 36357). 

J. Schmalz (Ger. P. 37182). 

Descriptions of most of these patents have been collected 
by K Fischer in DingL polyt. /., vol. ccxlviii., p. 249; vol. ccl., 
pp. 456 and 521; vol. cclii., pp. 253 and 283 ; vol, ccliii,, p. 372; 
vol. cclvi., p. 359. 

These arc translated in the ]. Soc. Chein, Ind., 1884, pp. lOi, 
505 s 510,531 ; 1885,9.484. 

A synoptic table of the ovens known up to 1884 has been 
given by Watson Smith, cod. loco, 1884} p. 605 (also in the 
Journal of the Iron and Steel Institute of that year, with a table 
of diagrams and many further particulars). 

New English and .American patents :— 

Coke Oven Constructing and Working Company, Limited, 
and Brown (B. P. 29367, 1913). 

Cochrane (B. P. 3856, 1914). . 

Duckhank(B. P. 13936, 1914). 

Summers (B. P, 10284, 1914)- 

Glasgow, eSmm. from Ru^Jjy (B. P. 22425, 1514). 

C.^H. Hughes fU.S. Ps. 1120146 and 1120147). 

•rM following is a list Of' ilR ^eynan patents taken out 
since:— ^ " 

Gebriidej.Rochling, No. 38312. 

J. Collin, No.* 36518. , 

Dr C. Ojtb & Co., No? 37280. 

F. Strohraer, No. 46^95., • 

Dr C. Ott{f&.Co., No. ^0082. 

F, Brunck, No. 51518. i , 

C. Otto and F. W. Liirraann, No. 52206. 

\y. fritsch,*N*o. 52134. 

O. billa. No. 53860. 
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M. Kleist, Nos. 56488, 56489, 59635. 

Tire Economic Gas and Coke Co., No. 59893. 

F. Stauber, Nos. 61532, 67189. 

J. Leschhorn, No. 67099. 

G. Martin, No. 72103. 

K. Brunck, No. 73504. 

Th. Bauer, No. 73701. 

G. Margirino, No. 78927. 

C. Otto & Co, Nos. 80145, 82000. 

T. J. Collin, No. 80820. 

H. Stinnes, No. 88389. 

C. Otto & Co., No. 90499. 

Aktienges f. Kohlendestillation, No. 94040. 
Wechselmann, No. 103508. 

Festner & Hofmann, No. 103577. 

Dillon de Micheroux, No. 104229. 

Brunck, No. 107864. 

Dr C. Otto & Co., No. 105432. 

Ditto '* No. 106959. 

Some more recent patents will be mentioned below. 
Abstracts from these specifications and their English 
equivalents are given in the successive volumes of the J. Soc. 
Chem. Jnd. 

Very important papers on mafiy of the.se coke-ovens, with 
exact diagrams, have been published by A. Hussener {Stahl 
u. Eheti, 1883, p. 397), C. Otto {cod. loco, 1884, p. 396), 
P. Lurirann {ibid., 1892, p. 186), G. Hilgenstock (GlUckauf, 
1896, p. 497), ft. Remy (Z. angsw. Chem., 1890, p. 327), A. 
Dannehberg {ibid., 1894, p. 352),'Jtuchot {ibid., 1898, p. 263),- 
- Hilgenstock'(/.^Ga:ri 5 r/f«c^'.,'^ 2 ,' 617), Beilby {}. Soc. Client. 
Ind., 1899,643). A'finely illustrated volume ha^ be-n issued 
by the l/hited States Coke and Gas Company, w.n The t)estructive 
Distillation of Bitumino'Us Coed, I906. 

Description of some of fhe most important ferms of By-prodfict 
Recoveif Q,ke-Ovens. 

We m^yr with Watson Smith (to whose v^ilable contributions 

am indebted for some of the following infprmatiop) fitly class 
the various f^fras of recovery coke-ovens (as we shall style those 
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ovens which aim at the recovery of tar and ammonia) as being 
derived, conscfously or not, from three “root-forms,* namely— 
first, the beehiye, a sort of covered-in meiler or mound, into 
which air is ^dmijted so .that some cf the coke is burned as 
fuel for the remainder; secondly, tlie Coppee oven ; and thirdly, 
the Knab-Carvcs and Pauwels-Dubochet coke-ovens. The two 
latter belong to that class of coke-ovens which we may call 
horizontal closed ovens; both of them are so constructed that 
the gases evolved during dry distillation are utilized for heating 
the ovens from without, no air being admitted into the coking- 
chamber itself. The principal difference between the Coppee 
and Knab-Carvcs ovens is as follows:—the former are provided 
with a large number of openings in the upper part of their side- 
walls, connected with an equal number of parallel heating-flues 
running perpendicularly downwards between each two ovens, 
and into these flues air is admitted, the flame ultimately 
parsing below the sole. The Knab-Carvcs ovens, as well as 
the Semet-Solvay ovens, are heated by flues running horizontally 
in a zigzag form, also between each two o^ens. 

The upright ovens of the ^Appolt system have also been 
adapted to the recovery of tar, etc.; but we shall not deal with 
these, as they do not seem to have been very widely used. 


I. Modified Beehive-Ovens.' 

To the b’eehive form belong the Meiler arrangements of 
Jones and of Blackwell, where tar and ammonia wereftollected 
by underground {jipes, but the gases were passed upwards by 
•the cejjtral stack and were !c=t. ^al beehive-ovens, modified for 
the’recoveiy of tar and ammoni^ ait tho.se of’Aitken and 
Jamesonf which bear much resemblance’to each other.* Aitken 
blo’ws air into Ms*ov 5 n above the coke* along with the return 
gas from the co/idensing a«id ’scrubbing apparatus, and he 
exhausts the g»ses and vapours, drawing them downwards 
through the bottoiji of the oven* by means of threff perforated 
flufes through whitfh die gases endfirqducts pass, uniting in one 
main, bafore proceeding to the condeifting-app^afatus.* 

The special ofcjfcj of Jameson’s invention (B. Prf«i947 and 
5076, i8&2),*vas to,utilize* th^ existing^ beehive-Qvens^s mud^ 
as possible, merely adapting them to the recpveify of tar and 
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ammonia. He places an‘exhaust pipe with tap below the soles 
of his oven, and in addition to this he provides two other 
smaller pipe.s, through which the gases and vapours are returned 
at suitable intervals. The oven is filled as usual, and as soon 
as ignition has ,taken place above, the wider suction-pipe is 
caused to act gently, effecting a slow exhaustion of the by¬ 
products and gases. Since this process diminishes the quantity 
of the coke and makes it softer, Jameson conveys through the 
other pipes a portion or the whole of the gas drawn off, and a 
portion or the whole of the tar-vapours, to a similar oven, but 
one which hasi,, attained. a further stage of combustion and 
ignition, in order that the carbon of the gases and vapours 
may become deposited in the pores of the coke thus treated, 
whilst the hydrogen burns at the surface of the mass or escapes. 
He claims various other possible modes of action and treatment 
of gas and by-products (such as the addition of pitch deprived 
of its valuable portions). 

Jameson further proposes (B. P. 5498, 1882) to treat carbon¬ 
aceous or coaly matters, shales, etc., difficult or impossible to 
coke, such as “duff-coal” or pit-heaps, also on the partial- 
combustion principle in an oven which partakes of the nature 
of a reverberatory furnace. It resembles a modified beehive- 
oven, with a fireplace and reverberatory-furnace fire-bridge 
attached, so that the flames from the furnace can play over the 
thick coking-mass on the deep-flying oven-bed, and then pass on 
to the cjiimney-flue, whilst the suction process for gases and 
by-products is set up in the space below the perforated bed on 
which the coking-mass lies. He- also proposes' to adapt this 
process to the roasting of ores in order to recover by-products,, 
and for the fecoyery of fairly pure carbonic acid frojtn limestone 
or in suljliraation. ‘ ‘ 

Particulars concerning the working «f [b* Jame'son ovens 
are given by the inVentor< Ijipiself iif the /. Soc. Chem. 
Ind., pp. 114, 228, and ^405; and. 1885, p. 314. 

He states - a good many Objections to the use of gas for 
teiting coke-ovens frdm without, to whidi lie prefers burning 
the surfade csIk by means of tfie downward suction epiployed. 
Vit will tibt enter into his theories, so manjf ‘facts pointing the 
jjtherway; his own ideas ^s to Jhe tise of the ga5_ evolved in 
coking for tther purposes were fonfessedly very imperfect. 
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, The average yield per ton of coal is estimated by W. W. Pattinson 
at 10 lb. of sulphate of ammonia, 8 gall, of oil, ^nd I2,ooo 
cub. ft. of gas. The cost of plant per oven, that is, the addition of 
the new parts,’varies from ;£'io to £,}0. The yield of coke is, 
“if anything,* ratfler-greater than in the ord^inary oven,” say 
10 to i<3 cwt. from one ton of Northumberland small coal, or 
67J to 70 per cent, from Durham coking-coal [in any case very 
much below that obtained with closed ovens of the Coppde or 
Carves type]. 

In the paper read in 1885 (/. Soc. Chem. Ind., 1885, p. 314), 
Jameson discusses the reasons why his process, although it fell 
into the hands of the ablest of practical men, ^nd was worked 
out in a great number of places, with no regard to expense, had 
not realized the anticipations of its inventors and its promoters. 
Modifications are described for making the oven bottoms more 
nearly air-tight, and for cooling the gas in order to increase the 
yield of ammonia and oil. 

We shall see further on that the tar, or rather (as Jameson 
himself calls it) the “oil,” produced in the Jameson ovens is 
altogether different from gas-tar, being a low-temperature 
product, and is principally comj 5 osed of paraffinoid hydrocarbons, 
such as exist in shale-oil, browncoal-tar, etc. But it is much 
less valuable than the latter; since its specific gravity is very 
high, there is ve’ry little chance of utilizing it for the manufacture 
of burning- and lubricating-oils.and the idea of “ improving” it 
by passing it through red-Tiot tubes, as patented by C. E. Bell 
(B. P. 9510, 1884; extended to blast-furnace tar by B.*P. 12681, 
1884)1 and advocated by Armstrong (/. Soc.X:hem.%d., 

. P- 45 0 - is thorou^ly impracticable, as will be shown later on. 
H»nAr the Jameson tar must be^eg^rded as of very little value. 

There il»also no doubt that the y\tld»a(‘anmonia from the 
Jameson ovens 15 not,very high, ‘decidedly less than frbm closed 
coke-ovens. Obviously the adnjission< 5 f air is very prejudicial 
in that respectj although the low temperature of the Jameson 
oven ought to faVour the forlnatjonof ammonia in other respects. 
It.is.also evidentjlh^t some of the amnwinia is directly hurraed. 

We will mention only Stie *mdre attempt in, a similar 
direction. H. Hutchinson (B. P. 2843, *883) believej it possible 
to obtain at will Ratd c»ke along with tar rich in “benzol By 
causing a rapid rise in the tempJratare»of ignlj^’on,*or a so?k 



102 


PROCESSES FOR OBTAINING COAL-TAR 


coke along with tar ricji in paraffin by slow coking. The 
former he proposes to effect "by passing previoudy heated air 
through numerous channels or small flues into the ordinary 
coke-ovens, in order to hasten the coking and raise the tempera¬ 
ture of ignition, the by-products being draWn off by flues in 
the upper part 5 f the ovens. [That tar produced under such 
circumstances should be “rich in benzol” is very doubtful.] 
He also proposes producing heating-gas or illuminating-gas by 
passing, along with the air, superheated steam through a 
perforated tube rising in the centre of the oven amongst 
the fuel. 

In any case’we may here state it is an admitted fact: that 
no coke-oven of the “ open ” kind, where air is admitted into the 
coking-chamber, yields tarry products similar to ordinary coal-tar 
—that is, such containing a considerable quantity of benzene, 
naphthalene, anthracene, and other aromatic hydrocarbons, employed 
as first materials in the manufacture of artificial dyes and colours. 

Some of the recovery-ovens retain the form of the beehive, 
but so modified that {he oven becomes a closed one, no air being 
admitted into it, whilst tar and ammonia are evolved, all the 
heating being then done by the return-gas. This is the case 
with one of the ovens constructed by Pernolet, and also with 
that of Kldnne (Ger. P. 25673). The latter draws off the gaseous 
products from the top and heats the bottom of the oven by the 
return-gases remaining after condensation, till all the tar and 
ammonia are drawn off as far as 'possible. Theij the second 
stage of the process is started by conducting the gases, instead 
of througli the hydraulic main, into a vertical side-flue, some air 
being admitted at the same time in front of the lower part of 
the oven, and^ the partially buwt gases being completely' burnt 
later on by air preyiously^^heated. This oven thus forms a 
connecting link between open'and closed coke-ovens; it dpes 
not seem to have been employed to any great extent. 

The^jroblem of adapting beefifve coke-ovens to the recovery 
of by-products seems to haye ^attained a betcer solution, by 
entirely doing away with ”the old method of coking by partial 
dftmbustiop of the coal, and'apjflying all the heat from with¬ 
out by mekns *of bottom-flues, the necessary degree of heat 
being atta?hed by a previous heating of the combustion-air 

Siemens’s or other “recuperators.” This is done in the 
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ovens patented by C. Otto & Co.^ and the Hibernia and 
Shamrock Cc^l Company, and erficted in the Shamrock pit !n 
Westphalia in 1886 (Ger. P. 37280). There are two r*ecuperators 
placed side by-side in the wall, between two sets of coke-ovens. 
One of these stores u,p th'e heat of the fire-gases passing through 
it, while the other transmits the heat, ahead/ received, to the 
air which is to maintain the combustion of the residual gases in 
the bottom-flues. Once an hour the direction of the draughts 
is changed, so that the two recuperators mutually exchange 
their mode of working. The gases given off in the coking- 
chambers are drawn off by a pump, and forced back into the 
flues below the soles of the ovens! Betweer*the escape-pipe,- 
which is situated in the crown of the oven, and the pump, there 
is a hydraulic main, and the usual condensing and scrubbing 
arrangements, just as constructed for the Coppde-Otto ovens 
(pp. 105 ct scq.). At the Shamrock pit each oven holds a charge 
of 4 tons, and gets through it within 55 hours;-the yield 
is 80 per cent, of large-sized coke (against 65 to 68 per cent, 
obtained by the old process), 5 or 6 per cent, of tar, and l per 
cent, of sulphate of ammonia; also 244 cubic metres (say 8540 
cubic feet) of gas per ton of ioal. The quality of the coke is 
altogether as good as that of the ordinary beehive coke; the 
reason why this is the case, in spite of the heat being ex¬ 
clusively communicated by means of bottom-flues is probably 
connected with the fact that the coal is spread in a compara¬ 
tively shallow layer over* the* oven-sole, and the very large 
increase of yield is hence an entire gain. Beside* this, the 
times occjpip,d in coking the charges is very muoh reduced, 
and the by-predicts obtained are a further gain. 

, According to information jjerived from competent sources, 
it appears,that the object of th^^abbve-deEcribed invention is 
splely the better utilization -of existing beehivetovens, by 
adapting them {(S tjie new system (which is a rather expensive 
process); but nobody wouM* ttiink of building ovens of this* 
kind without regard td tho tar produced, for the simple reason 
th^ the discharging of beehive-ovens is decidedly^more trouble¬ 
some than thaf of horizontil ookj-ovens. Nobody in Wost- 
phali^ seems to doubt that tfie latter are tjje* best* coke-ovens, 
and that beehiva-avens will be discontinued alt«(§ether in ibe 
course'oftime. 
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11 . Recovery-Ovetis muthe modified Coppk System. 

A very remarkable oven of this class is that of Liirmann, 
differing from all others in the continuous'style of work 
adopted in it.' The oven, which, like all other Coppee ovens, 
forms a narrow dhannel of moderate height and of considerable 
length (say 30 ft.), consists for two-thirds of its length of a 
heating- and coking-chamber, and for the last third of a 
storage-chamber. The front of the first chamber is closed by 
a door in the shape of a ram, moved alternately backwards and 
forwards. The coal to be charged falls down from a hopper in 
front of the ram, and is by this pushed into the oven, forcing 
on the charge already contained in the oven towards its other 
end, where the finished coke collects and is taken out by a 
discharging apparatus. The gases and vapours pass away from 
the centre of the coking-chamber through a hydraulic main, 
and, after condensing the tar and ammonia, are u.scd for 
heating the coking-chamber from without, the thickness of the 
walls being reduced to or 3 inches, the numerous partition- 
walls of the flues bracing them up to a suflicient extent. 
The whole is always under a considerable pressure, produced 
by the ram. The cooling of the walls during the charging and 
discharging, unavoidable in all other ovens, is here done away 
with, as the same quantity of coal is always in the same 
.stage of distillation, the quantity and quality of the gas is 
invariably the same throughout the iprocess; the details of the 
construction arc such that a very high temperature can be 
maintained at will all over the coking-chamber. Owing to 
this and the high pressure, it has' been found pos.sible in the 
Liirmann oven to make hard., smelting-coke from very'd^y, 
anthracite-like coal, the Emails of which are otherwist of hardly 
any use;t.but it is best' to mix this with half its weight of 
ordinary coking-coal. It is not adapted to xoking-coal without 
the admixture of dry coal. It would seem from this description 
as if the Liirmann ovens were the most perfeci of their kind, 
at least so far as the coking proper is concerued, and a goodly 
ntiiiiber of them have actuallybeeti erected in \Vestphalia; but 
they have not Unsivered thfeir purpose, and have been stopped, 

' ^ I take the description and criticism of thir oveh trt>m Husseqer, Stihl 
itiCdistny 1823 , p. 401 , where a^^ood diagram is also giVen. 
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as the quality of the coke was n{it satisfactory and the 
discharging-apparatus showed serious drawbacks. ^ Liirmann, 
in the discus.sion following the reading of the paper {Stahl u. 
Eisen, 1883, p. 412), points out that his oven is not intended to 
compete with" tho 5 e destmed for the ordinary descriptions of 
coking-coal; that it produces excellent coke from coal which is 
otherwise quite unfit for that purpose; that this coke is 
especially good for cupola-furnaces (as proved by certificates) ; 
and that his ovens yield tar and ammonia from coals otherwise 
useless for coking-purposes. It would appear that the quantity 
and the quality of the tar and ammonia recovered in Liirmann’s 
ovens have not been at all accurately ascertained, and wc must 
therefore dismiss them for the present from our consideration. 

Otto’.s first modifications of Coppee’-s oven for recovery 
purposes have been superseded by his later adoption of 
Hoffmann’s principle, noticed below. We also refer the reader 
to .the patent specifications and to the extracts in Dtngl.polyi. 

as those given by Watson Smith, for the ovens patented 
by Herbertz, R. dc Soldenhoff, and othjrs, belonging to this 
class, none of which have met w'ith an extensive application. 

The Otto-}Ioffmanii Oveii.—^Thc most successful kind of oven, 
as regards the number introduced and the results obtained in 
Germany, is that originally patented by Gust, llufifinan (Ger. P. 
18795), based ufion a proposal of Th. von Bauer, and modified 
by Dr C. Otto & Co. by a number of additional patents {cf. p. 
97). The essential featuft of this plan .is a combination of 
Siemens’s recuperators with the ordinary Coppee oven*provided" 
with a numbef of improvements in details. Tbe folltfwing is a 
_ description of theJe ovens, principally from the paper, ppblished 
by.CH.to in Stahl u. Eisen, 1881^^^396, but with ^modifications 
to suit latef^satents; the diagrams arc t^en from the working 
drawing’s.kindly lent Jo me by Dr Otto.’ 

Fig. 8 is a longitudinal seejion thjaiugh the centre of an 
oven; Fig. 9 a longitudinal’sfiction through the flues jretween 
each tw'o ovens) Fig. i6 a fransvqrse sectioq through a number 
of.ovens. The letters show the same pjrts on all the diagrams. 

These ovens are from 30 33 ft. long, 2 ft. widg, 5 ft. 3 ifl. 

high to the abutment of the arch, with *3 ^-in. taper, 
and 2 ft. 11 1 in.*fi<om centre to centre. In lieu"df the side 
openings (lirough’which, in ordinary £opp6e ovens, ihe gaS^v 
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pass out of the coking-chamber down tke sides and underneath 
the bottom, in brder to be burnt, there is here no direct connec¬ 
tion between the coking-chamber and the side of the oven; 
apart from the end doors for charging ^id discharging {a and b), 
closed during the operation, there are only two,openings in the 
top arch*, c c, through which the distillation gases and vapours 
can escape. In the side-walls below the abutment there is a 
horizontal flue, d, passing along all the vertical side-flues and 
connecting them. Each bottom-flue in the length of the oven is 
divided midway by a partition, c, in two equal halves,/"and 
Each of these half-flues communicates wi:h a recuperator, h or 
Aj, destined for heating the air necessary for the* combustion of 
the heating-gas. The recuperators are long chambers, filled 
with an open network of bricks, and reaching along the whole 
range of ovens. At the end of the range the two recuperators, 
h and h^, by means of a throttle-valve, are made to communicate 
either with the fan-blast conducting air or with the chimney. 

When the ovens have been charged and the coking is in 
progress, the gases evolved from the coai escape through the 
openings c c in the oven-arches into the tubes i i, and then pass 
into the main receivers I /, the valves k k being left open. 
From the receivers 11 the gases pass to the coiTdensing-plant, 
where they are freed from tar and ammonia in the gas-coolers 
and in the scrubbers, as will be described below. The same 
exhauster which drew the^asesg to the condensing-apparatus 
now forces them back towards the ovens into the tube m ; 
and from this, according to the position of the throftle-valve,' 
either* into thS tube «, on tjie one side of the oven^ange, or 
.intoJ:he tube o,*on the other side of the range. At each 
byrti'the tubes n and o coma!»(jica1f with the, bottom-flue 
/and g J)y means of a small inlet-pipe, jf, provided with a tap. 

•SuppcTse the gas isi passed into the pipe n, on one sfde of the 
oven-range, the throttle-valve^of the recuperators is placed so that 
the air (which is^ forced in b^ rneans of a fan-blast) ente* at the 
same side into the recuperator^, which conwnunicates opposite 
each'oven, by opgTiiogs, r r, with the bottom-flue f' Thus Ijoth 
gas and heated air enter into IVe boftom-flue / the aombustion 
taking place partly iij this flue, partly further^om* The current 
of burning gases aifd vtry highly-heated combustmn products 
passes upwards by the pajdllel vertieal'flues j*jito^h2 iippe^ 
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horizontal flue c, and on Che .other side of the ovens by the paral¬ 
lel vertical flues Jj downwards into the bottom-flue^, from which 
the gases, now completely burned, pass through the recuperator 
A, into the chimney, andlon their way give yp tbpir heat to the 
network of bricky. After a certain time, say an hour, the throttle- 
valves are reversed, and the gaseous current now travels in the 
opposite direction; the return-gas from the condensing-plant 
enters into the tube o, the air into the recuperator Aj, the 
combustion takes place in the bottom-flue.f, the products pass 
through the vertical flues s, upwards into c, and thence through 
the vertical flues s dowmvards into /, and at last through the 
recuperator h into the chimney. 

Dr Otto points out that, owing to the slow conductivity for 
heat of fire-bricks, the air in Siemens’s recuperators, worked 
alternately in opposite directions, is heated incomi)arably more 
quickly and highly than in those recuperators where the hot 
combustion-products travel on one side, the air is heated on'the 
other side of a brick partition, and the current of gases always 
flows in the same AVection.^ In the Otto recuperators the 
temperature of the air rises to 1000° C.; and the effect of this is 
that the cold gases, deprived ot their tar, as they return from 
the condcnsiil^-plant, are far more than sufficient for carrying 
out the coking-process. If they were all to be burned, the ovens 
would get much too hot; and it is found that there is an excess 
of 200 cubic metres (say 7009 culjic feet) of gas per oven per 
.day which can be utilized in other ways. With a normal 
charge of 115 cwt. of dry coals per oven the coking-process is 
finished in 48 hours, but sometimes less, so tjjat fhe quantity Dl 
gas must be diminished to 'bring the time up to 48 hours 
Since both gas and air,ar% Sfbwn in mechanically, it is qhite 
easy to regulate the process at will * . 

The Jjuality of the coke made in these pvens is altogethei 
excellent; the yield conaiderab^ ejcceeds that formerly got fron 
the same coal in Coppde ovens, whhqut recovery of tar ant 
ammonia. Calculated upon coal containing 10 per cent, water 
it Has formerly 61 per»cent.j and is now 68 per cent.; thatTs 
upon dry.ooal^67-7 and 7^-56 per cent, respectively. Dr Ott( 
attributes t^is reSult to the absolute air-tightness of the ovens 
along with*a slight over-pressure. Thetempe^ature, a$ measurec 
^This is'tonfradicted by ^imon, cf, below. 
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by a Steinle and Hartung’s graphite pj'rometer and controlled 
by the fusing o? metallic alloys, was found to be 1200° (jo 1400“ C. 
in the bottom-flue, 1100“ to 1200° C. in the side-flues ; 1000° in the 
recuperator at the time the air-current is admitted, and 720° 
when it is shut off;*420° in the chimney. ^ 

Of the Otto-Hoffman ovens, as described just now, up 
to 1894 already over 1200 were erected on the European 
Continent, more than three times as many as existed there 
of any other type of by-product oven. In 1894 they were 
introduced into America by the Otto-Coke and Chemical 
Company, and later on by the United Coke and Gas 
Company. Up to 1905, 2780 of these ovens Tiad been built 
by them in various States of the Union, the surplus gas being 
used for fuels, power, and illumination. The United Coke and 
Gas Company, New York, claim that the surplus gas from their 
ovens gives a higher candle-power from the gases of coal than 
can»be obtained when the coal is distilled in the ordinary gas 
retorts. They apply to the gas a system of coolers and washers 
similar to that which is usually employed fijr blast-furnace gases 
(see later on). Schniewindt (/. Gasbeleucht,, vol. xliii., p. 53) 
makes more detailed communfeations on this .system which is 
said to work mo.st successfully, the “ rich ” and the “ poor ’’ gas 
being purified in quite separated sets of apparatus. 

The “Rothberg” oven is of a similar type. In 1904, 94 
of these were in operation at JJuffalo, and* 141 in course of 
construction.* * 

Otto-Hilgensiock Ovens. 

In the course eff time the Otto ovens have been imprpved in 
raaB>* respects, as to the more r^^jj^lar distribution of the heat, 
speedier^ fii^ishing of the charge, and grater freedom of the 
masonry* from repair^ We canhot go into details ab6ut these 
improvements, concerning which,refereate must be made to the 
above-enumerated patents. * ’ . j 

We must, hbwever.'givb the ^description of a coke-oven, 
latpr.on patente(^«by Messrs C. Otto & jCo. (Gcr. P.'No. 88290), 
in which the recuperator is aba(pdcfned and heating by gas front 
the botfom is introduced. According to authoritative informa¬ 
tion, these ovens,* lenovin as the Otto-Hilgenstock' ovens, df 
which up to the fend of 1897 already 400 hidjseea erected,' 
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do considerably better ^ work than the former constructions, 
owing to^the production oT heat taking place all along the 
length of the oven. The air for combustion is in a very simple 
manner heated in the foundation of the oven, sb that no heat is 
lost there. There is no necessity for blo^ing’in the air by 
machinery, anj the gas is under such low pressure* that all 
conditions arc present for a good recovery of the by-products. 
The gas is conveyed in piping, laid underneath the ovens in an 
acces.sible way, and i.s from there introduced into the heating-flue 
by tuyeres. As shown in Figs, ii to 13, the walls forming the 
foundation are conveniently arranged so as to run parallel to the 
length of the 6vcns, and are covered with an arch for each two 
ovens. The passages and flues, arranged in the foundations, are 
large enough to be accessible to workmen. In these passages are 
placed the gas-pipes with their tuyeres leading into the 
heating-flues; each gas-pipe supplies four lateral flues. The 
vertical through-going flues, w, force the heating-gases to travel 
within the partition-walls. The air for combustion can be 
introduced by an opening in front of each gas-burner, where it 
is forced in by an injector-action of the gas, or else by special 
flues for each oven, /, from the passage L. The heating up 
takes place by a side-valve, ri’, through which the gas enters into 
the main flue when the valve v is shut. Since all the gas-inlets 
are accessible from below, the heat can be exactly regulated all 
over the oven, and can, for instance, be increased at the two ends 
without overheating the oven, whicn causes a more regular and 
quick heating without too much action on the brick-work. As 
the heaf'is greatest near the bottom, there is no danger of 
overhejiting the gas collected in the upper part of the ovens 
and thus destroying part oji^the by-products. The gaS-pipe, 
placed in the foundation, is well protected, and does not 
interfere with the work on the top of the ov^ns. The subter¬ 
ranean passages also 'serve for heating The air previous to 
combustion, and thus utilize the heat radiating below. As 
the heating gases ,Jiave a sl2orj;er'distance to" travel than with 
otljer systems, there is,neither an excessive,pressure at their 
entrance nor a vacuum at tbeif 'leaving the ovens; hence any ■ 
leakage orgaSesi into or out of the ovens through joints and 
Crevices iS avoided, the quantity of by-phoducts is increased, 
^hd the >ove(i-gas is.not coAtaminated with'fire-gases. In all 
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other (where the coke fe drawn). Each charge is about 7 tons 
of coal, with 14 per cent, water, and requires 30«to 32 hours for 
finishing. The heating is performed by eight Bunsen burners 
from below; the temperature just above the’ burners is from 
1300° to i400(. The fire-gases rise perpendicularly and then 
travel towards the centre, where the temperature is 200° or 300° 
below the initial one; they are then taken downwards below 
the bottom of the coking-chamber and are then, with about 
iocxd" C., employed to raise steam in four boilers, producing 
daily 140 tons steam of 8 atmospheres. The gases evolved in 
the distillation of the coal are cooled by air and water down 
to 30“ C., washed with weak ammoniacal liquor, deprived of 
their tar by a Pelouze and Audouin apparatus (p. 58), and by 
another washing deprived of the last traces of ammonia. They 
are then collected in a gas-holder, from which they are conveyed 
to the ovens as fuel for these. About 1000 cub. ft. of gas are 
produced from 100 kg. of dry coal, on an average containing 
2-5 CO.,j, 3'5 heavy hydrocarbons, 0-8 0 , 7 6 CO, 27 2 CH^, 
50 H, 8-4 N per cent. This gas has a fair illuminating power 
and a heating-value of 4300 to 4500 metrical calories. 

Several recent patents of the firm C. Otto & Co. contain 
improvements of the process. Thus, according toGer.P. 171901, 
of 1903 (issued in 1906), a saving is effected by shutting off the 
heating gas from the heating flues entirely or 'partly before the 
coking process is finished. Thus only the outside portions of 
the coal are coked by heat from without, and these coke the 
inside portions by communicating their heat to them. Their 
Ger. P, 214947'describes improvements of the Bunsen burners 
and of, the charging-funnels. 

Spilker {Kokerei und "Z^produkte der Steinkohle, igo?’, pp. 
18 et seq.) describes in full detail the starting, ^working, and 
discharging of these coke-ovens. , , 

Hilgenstock (/. Gixsbtleuchi., 1902,617) points out the advan¬ 
tages which the new ovens, fired from underneath, have over 
the older Otto-Holfmann and qthef ovens where the recuperator 
principle is'employed, and in consequence^ cri) this the tempera¬ 
ture must vary" from 1000° to 1500° and backwards, each time 
the direction'of the gases is changed. This must lead to a loss 
of tar and ammonia, as proved by a numb* of analyses made 
^oi the products of both rystdms. « 
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A similar combination is the “ Uflited-Otto Coke-Oven ” 
(U.S. Ps. 673958 and 644369), which claims to fie'the most 
efficient type of this kind, the coal being handled by machinery 
from the time is unloaded from the car into the elevator until 
it is in the oven, the crtishing (where necessary)#being done in 
the same'way. The quenching of the coke is also done in an 
ingenious manner. We must refer for these details (which 
hardly belong to the scope of this treatise) to a splendidly 
Tllustrated treatise on the Destructive Distillation of Bituminous 
Coal, issued in 1906 by the United Coke and Gas Company, 17 
Battery Place, New York. 

Short, in /. Gas Lighting, 1907, 97, gives a survey of the 
results obtained with Otto-Hilgenstock ovens, working with 
Durham coal. We quote from it merely the figures showing 
how the nitrogen and the sulphur of the raw material appear in 
the products:— 

, NitroKBD, Hulphur, 

porcent. percent. 


Contents of o^al 

1.57 = 

Left in coke . 

0-68 

In tar . 

0-047 = 

„ ammonia . 

0-238 = 

„ cyanides and sulpho-' 
cyanides 

10-0 223 = 

„ the gas, and loss 

... 


100 

c-824 = 100 

43-31 

0-598 = 72-53 

2-98 

0-012 = 1-45 

•15-16 

as H.^S 0-198 = 24.00 

1 

other 1 

i- 33 -| 

lo-ei3 = 1-72 

.compounds; 

37-12 

loss 0-30 


A modern Otto coke-oven holds about 7J tbns of coal, which 
are coked in •36 hours. T^e yield from Westphalian coal 
averages 72’2 per cent., so that each oven produces 1 lOO^r 1200 
tons of'coke pef annum (Haa{mann, p. 4). The average pro¬ 
duction in 1900 in \^estphalia amounted to 1260 tons pe» oven 
from Recovery ovens, against only 2^ tqns from the old open 
ovens, anc^in fhe most modern recovery ovens even 1800 tons 
are reached*(Haarrajinn^ p. 6). • _ 

The condensing-pl 3 nt beloijgirig to the Otto ovens will be 
described in a later section of ,this chapter, where als'o the 
composition of the gas will be quoted. In this plac^ we speak 
only.of the composifion of the tar. 

Tar and ammoniacal liquor ane sepa'yated by sett]ing in large 
tanks. If the liquor is not strong enough for salt o? fjr working 
Op in the. distilling-appamtus, it is used over again in thj* 
scrubbers tilfit comes up to 4^ 8r 5° Ywatidsll, when* it ?bntains 
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about i’7 to i’8 per cent NHj. Westphalian coal yields about 
14 per cent, of liquor at 4“, equivalent to a y}feld of i ton of 
sulphate of ammonia per 100 tons of dry coal. In the Saar- 
briicken district the yield is only 14 to 16 cwt, in Lower Silesia 
16 to 18 cwt., ii Upper Silesia 26 up to 34 cwt. per loO tons of 
coal. ' 

The yield of tar differs a good deal, according to the quality 
of the coal and to the efficiency of the cooling-apparatus; it 
may vary from 2 to 3| tons per too tons of coal. 

The following analyses were made in April 1886 of tar 
obtained from^ the same coal (A in a gas-works in ordinary 
retorts, B from a set of Otto’s coke-ovens):— 



K. 

B. 


Qas-tar. 

Uuke-oven tar. 

Water . 

2-9 

2-2 per cent. 

Light oil up to 200" 

40 

3-4 „ 

Benzol for aniline 

0-92 

I'l „ 

Solvent naphtha .• 

0-20 

0-32 >. 

Creosote oilr- 

8-6 

■ 4-5 - 

Crude naphthalene 

• 7-4 

6-7 „ 

Anthracene oil . 

■ ••I7-4 

27-3 .. 

Pure anthracene . 

0-60 

0-70 „ 

Pitch . 

. 58-4 

44-3 ,> 

Carbon 

. 15 to 25 

5 to 8 „ 


The expensed incidental to the recovery of the tar and 
ammonia are not considerable; they consist principally of the 
cost of^pumping the (rather large) quantity of cooling-water, 
the ammoniacal liquor, etc.; the cost of labour and repairs is 
very .slight. 

The following figureS’C'especting the cost of erecting and 
working the Otto ovens have been supplied to 'the author by 
the inventor. The cost of erection naturallvi varies a good deal 
according to the situation. On ^n average it may be taken at 
3050 marks (say ;£'i50) per oven for the ove’ns themselves, and 
6000 marks (nofquite ;£'300) per oven for the very extensive 
condensing-plant, gasholder, J''eldmann’s ‘apparatus for • am¬ 
monium sulphate, etc. .‘Thisi-also includes duplicate engines, 
p'umps, aip J exhausters, and substantial buildings for all these 
erections. ^ 

A battevy of 60 "ovfins convert/ed in six months’ time 3073 
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truck-loads of lo tons of coal each into*coke, and yielded at the 
same time:— • 

I'ar 100 kg. 

915,245 kg. tar (say; 3 per cent.) . . . M. 2-30= M. 21,050-63 

313,446 kg. ammeniun^sulphate(1-02 per cenf.) at M. 23 = 72,092-58 

• M. 93,143-21 

Sulphuric acid 313,446 kg. at 3-80=M. 11,910-95 

„ Wages. 9,326-26 

„ Salaries. 2,936-97 

„ Sundry materials .... 2,571-50 

- 26 , 745-68 

Leaving per 6 months a profit on tar and ammonia , = M. 66,397-53 
.. 12 „ „ „ M. 132,795-06 

Or, say, ^6600. 

Thar is to say, each oven has coked per annum 1020 tons of 
coal, and the e-xtra profit on tar and ammonia per ton of coal 
hasiicen M. 2-16 (say, 2s. 9d.). 

At the Kurbacher Hiitte in Rhenish Prussia in 1907 a set of 
126 of the Otto-Hilgenstock ovens has .been erected. The 
coking takes 36 hours. Tar and ammonia are condensed. The 
waste heat is utilized for 14 CeAnish steam-boilers, with about 
too sq. ft. heating surface each. The surplus gas, moreover, 
amounts to between 60 and 90 cbm. per ton of dry coal, accord¬ 
ing to the amohnt of water contained in the fresh stock 
charged. This gas, possessing a^heating-value of 5000 metric 
calories per jubic metre, serves for driving a gas-engine of 
1200 h.p. for the electric central plant; part of the excess of gas 
is burned under steam-boilers and serves for‘driving a ga.s- 
turbine of 1200 h-jJ. 

Qtiier ovens of that class. —Til. von Bauer, who had 
suggested to" iioffmann one of the important principles of the 
above-desoribed ovens, has himself worked out his idfos in a 
different way, better adapted to the wants of smaller works and 
to the employment of less Bituminous coals (Ger. Ps.'28530, 
67275. 73701). Since 188/ many hundreds of these ovens 
havp been erected^'in the Creuzot worl^, thereby enabling g.n 
addition of an equal proportion df anthracite to be. made to ’ 
bituminous coal, whilst formerly only 20 per»ceiK.'^nthracite 
could be used. Bamer subsequently worked out his 'principle 
in the shape of c'lrcular batteries, ijig., borizoirtjl cfrens for 
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very bituminous coal, balf-horizontal for semi-bituminous, and 
upright for' non-bituminous. For the latter the tar and 
ammonia recovery-plant can be cut off at will, when the first 
period of work is over, Kassner {Chem. Zeit., 1898, p. 993) 
discusses the rfsults of Bauer’s ovens in defail. 

The oven constructed by J. W. Nienhaus (Ger. P. No. 94016) 
aims principally at avoiding an insufficient coking at the ends 
of the ovens. For this purpose he places the first partition of 
the heating-flue at the burners n on both sides of the oven. 
Fig. 14, only 8 in. from the ends, whilst the other partitions 



Fig. 14. 


are 7,2 in. distant one from another. Thus the fire-gases 
before entering the longitudinal walls, first quickly host the 
outer ends, and tljis compensates the loss of heat occurring 
there 'by radiation. This also causey the expansion of the 
ovens to be quite even, and thus increases their durability 
These ovens can also be worked for a ‘ considerable time 
without recovery, of the Ijy-products, and yet remain fit tc 
take up the latter at, any moment 

Nienhaus contends tiiat in,|all coke-ovens with vertical flues 
the uppe/jf^rtion is not sufficiently heated; the charge is mor( 
quickly'finished below than above, and this has a deteriorating 
effect <rn tlip output and the quality of the* product Nienhau! 
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therefore heats the ovens from above^the gas, as well as the 
previously heaffed air, being passed into the various*cambustion- 
chambers by tuyeres. The air for combustion is aspirated by 
the chimney, and, like the heating-gjs, can be regulated by 
a tap for each chamber, so that the rate of coijnbustion can be 
checked In all parts of the oven by means of the Orsat testing- 
apparatus. 


111 . Recovery-Ovens on the modified Carvis System. 

In the introductory part of this chapter (pp. igei seg.) we have 
spoken of the former stages of this process, nanfely, of Knab’s, 
Carves’, Pauwels-Dubochet’s, and Pernolet’s ovens. Since atten¬ 
tion had been drawn to the undoubted success of Carves ovens, 
first by Angus Smith, then by H. Simon and others, there 
have been quite a number of “ modifications ” of the Carves’ 
ovens, as Hiissener’s, Carves own (generally called the Simon- 
Carves oven), Ruppert’s, Semet and Solvay’s, Siebel’s, the 
Gottesberg Coal and Coke Company’s {cf. Jist of patents, pp, 96 
et seq.). 

Most of these systems hav^met with only a very restricted 
application ; and we shall confine our description to those which 
have been more widely introduced, namely, Hiissener’s and the 
“ Simon-Carves ’' oven, both of them (like some of the others) 
based upon a previous heating,of the air required for com¬ 
bustion (a feature which we* have also seen to be the essential 
point of the faoffmann-Otto system), and the Semet-Solvay ‘ 
ovens.* • • 

, The Carves ovens have been considerably improved.by the 
intreSuction of recuperators, pateoted in 1883 (No. 554) by 
Henry Simon as a communication froiji Francois Carves.* 
Figs. 15 to 19 shq,w the arrangem’ent. Fig. 15 is a longitudinal 
section through a cbking-chamber and* cross-section through 
the external air jfid smoke-flues on line a Fig. 17. Fig. 16 is 
a longitudinal section through tjje partition-wall of the coking- 
chambers on line.'J' Fig. 17. Fig. 17 js a part pl 4 n and part 
sectional plan of the coking<hainb‘erff and flues. Fig, 18 is part* 
front elevation and pvt cross-section; Fig. 191 a iQftional pUn 

‘ 1 take the diagrams in the text partly from the patent, partly from 
detailed unpublished drawings kj^dly supplied to itie by McHenry Simon, ^ 
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on a smaller scale of tjie smoke-flues and air-heating flues. 
We notice Jhe coking-chambers A A (lii to 20*in. wide), the 
fireplace B with flue C leading thence under the oven-floor 
to the opposite end, where it passes laterally info the flue Cj in 
the side-wall of^the chamber, first rising, to* the upper part of 
the wall, then descending in a zigzag direction (Fig. <i6), and 
then down the inclined flue Cj into the external smoke-flues 
C3 Cj. These flues, as will be seen from the plan. Fig. 19, 
extend along the whole range of the coking-chambers, each 
flue being closed at one end and communicating with the 
chimneys D Dj at the other. The flues Cj communicate alter¬ 
nately with the*flues Cj C4,*so that the combustion-gases of one 
half of the range of ovens are discharged into the flue C.j and 
those of the other half into C4, the flow of such gases towards 
the chimneys D Dj taking place in contrary directions in the 
two flues. An air-flue, E, extends first along the outer side of 
the flue C4, then runs along at Ej between the two flues, and, 
again returning, passes at E, along the other side of the 
flue C,. From this^part of the air-flue, branches Ej pass 
off to each coking-chamber, and extend beneath the flue C to 
the fireplace B, with which they fiommunicate through openings 
E4E, 

Thus it will be seen that atmospheric air, entering the flue 
E at E^, passes along the same in contact with the hot walls of 
both Cj and Cj, and lastly through E^, whence it passes in a 
highly heated condition through the*branch-flues Ej to the fire¬ 
places of -the several ovens, in order to enter there into com¬ 
bustion fl^th the'gaseous fuel employed, which, m some tases, 
may be.kept ignited by a small fire of solid‘fuel on the grate 
shown at B. In E the air ^ows in the contrary directiotr to 
the current of the copjbustion-gases in Cj, and in it flows in 
the contrary direction to that 'of the gagps irj C.,, so* that the 
coldest air in each case tv^mes into contact with the cooler part 
of the smoke-flues, and thus the heat is taken 'uj3 by the air in 
the most effective manner. 4® .the air in passfng through the 
flue^E El be'comes heated to a considerable fipgree, in passing 
fhroug'h the flue Eg (whichns to J very slight extent in contact 
with the bricjtwork of the oven) it will not_ absorb any appreci¬ 
able amount' of heat therefrom, and even thi? absorption, small 
„/as it is, may he* entirely avoided by arranging the flues so as 
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not to be in contact with the brick\\ork of the oven except 
where they enter it. * * . 

The hot air is made to enter the fireplace through the 
openings and Ej, the latter being in close proximity to the 
inlet nozzle F for»coinbustible gas, supplied tljrough the pipe 
Fj; whije the opening serves to supply air when required to 
the before-mentioned small fire on the grate. The hot-air flue 
is also by preference extended up in the front wall of the ovens, 
as indicated at Ej, in order to communicate at Eg, or at any 
other convenient point, with the upper part of the flue Cj, so 
that a portion of the hot air entering there may effect the 
combustion of any unconsumed cdhibustible gases that may 
have passed away from the fireplace. The combustible 
gaseous constituents distilled off from the ovens escape 
through the flue G, and are led through proper pipes or 
hydraulic mains to any suitable apparatus for condensing the 
tar,and removing from the gas other condensable and useful 
constituents; and the gas, after such purification, is then 
utilized in whole or in part as fuel for heating the coke- 
ovens, for which purpose it may either be led directly to the 
fireplace B, through the pipe F^ and nozzle F, or it may 
also be previously heated by first passing it tjirough a pipe 
or flue situated within or close to the smoke-flues C4 Cj. As, 
however, the quantity of gas consumed is small in proportion 
to the air-supply, the advantage gained in heating it is in most 
cases not sufficiently great*to ju'stify the additional expenditure 
and greater complication caused by providing apparatus fof 
heating it. ■ •' 

As shown in ’Fig. 19, fhe combustion-gases may, before 
esc^ing up the chimneys, D, be made to pass through the 
flues, H, of gteam-boilers or of ovens *or Jcilns or evaporating- 
p^s, in*order still further to utiKze their heat. 

The patent also* comprises .anothq» modification, in which 
there is only one external Smoke-flue, into which the. flues of 
all the ovens open, and oif each side of which there is an air- 
flue *0 arranged that the external air passes in the contrary 
direction to the current of th^combestion-gases. a TurlheV 
modification, instead of having sepaAte air-sjipjfly-and smpke- 
flues, the same flue»”ar^ made to serve alternately.for taking 
UD the h&at frnifi the romhustion-p-ases and .imoaftinp Stch 
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heat to the air-supply, as in the well-known Siemen’s re¬ 
cuperators ^sech as Hoffinatfn and Otto employ with the Coppde 
ovens). 

The inventor lays special stress upon his arranging the 
recuperator-fluej externally to the ovens,*not inside them; 
since in the latter case too much heat is abstracted from the 
ovens, and their temperature is not so high as is desirable for 
the proper working of the coking-process. 

From a paper by H. Simon ^ it appears that there were 
then (1885) at work three plants of Simon-Carves ovens on the 
new system, comprising 50, 35, and 25 ovens respectively, all of 
them provided frith recuperators. The ovens at Bear-Park are 
a foot longer than those at Crook, and take a charge of 4J tons 
each, which requires rather more than 48 hours to work off, 
owing to irregularities over night and on Sundays. It is 
claimed that these ovens are much more substantial than those 
on the Coppee system, with their extremely thin walls, wlych 
are liable to burn away at the intense heat prevailing, whilst 
it is impossible to inspect them; also that it is most difficult 
to split up the current of hot gases equally all over the small 
flues of the Coppee system, and ffiat the gases, rushing through 
the six-feet length of these vertical flues, have not time to part 
with their heat, whilst in the Carves oven the gas has to run 
more than too ft. in one undivided current. Consequently the 
recuperators in the.former system have much more work to do 
than in the latter. Lastly, it is urgdtl that a contiqpous process 
of recuperation must yield more uniform results than one rising 
and failin'^ with'the change of regenerators. T'he coke*from 
the new ovens fetches a higher price than ahy other coke for 
use in cupola furnaces ; so far as blast-furnaces are conceraed, 
there still seemed to ^e some prejudice in England which had 
been quite overcome in France; Germany, and,Belgium! 

The condensing-plartt is of a very simple description, but as 
efficienbas could be desired. An’attempt to'replace rotatory 
exhausters by Korting’s injec^orj has failed. * 

From further notes, Jcindly supplied to tiff author directly 
By Mr Henry Simon, it appeal's ^at the yield of coke is about 
77 per cent;,>h Durham,'69 per cent, in Accrington, *52 per 
cent, in Staffordshire. The yield of ,(imiH(fnia, expressed as 
• Im/i^miS/eel/asti No. I, for iBSi. 
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sulphate, is i per cent, to 1-25 per cqnt. with North-Country 
coal, and aboui 2 per cent, with Sfeffordshire coal , The yield 
of tar varies from 3 per cent to 4 per cent, of about i-i specific 
gravity on the average, the quality being equal to any other 
high-temperature tfcr.. The air is heated in th| recuperator to 
about 43t)° to 480° C., and the temperature in the various flues is 
distributed .somewhat as follows:—In the top flue C' (Figs. 16 
and 17) it is 1130° to 1180°; in the second flue (where more 
air is introduced), to 1278°; in the third flue, 1100° to 
1120°; in the lowest side-flue, 1125° to 1130°; in the flues C 
below the oven-sole, 1540° to 1565° C. Copper may be melted 
in the top flue, and iron will melt ih the flue tnderneath the 
oven sole. Only best Dintis bricks can be employed in some 
, of the flues, as the best obtainable material will alone resist 
such intense heat. The distribution of the heat is very even 
throughout the sides of each oven, so that the available coking- 
spaqe is utilized to the fullest extent. The coal is put in nearly 
to the top of the arch and levelled evenly, even close to the 
doors; whilst in other ovens, which do not distribute the heat 
so well, a portion of the space close to the door is lost for 
carbonizing. It is claimed tliat, on account of the extreme 
simplicity of construction, the expense of erecting .these ovens is 
very moderate, and their maintenance is also very inexpensive. 

Hiissener's Ovens .—Another modification of Carv^;s ovens, 
equally provided with an air-heating apparatus, has been 
introduced injto Germany tty A? Hiissener (Ger. Ps. 16923 and 
20196). Hiissener's ovens, of which 100 have been erected ih" 
Westphalia, are shown in Figs. 20 to 22. Their dtthensions 
are: length 29 ft 6f in., widtR in the middle i ft io| in., with a 
cert4^ taper' to facilitate the mechanical pushing out of the 
charge (as i% usual in the case of all* horizontal ovens, both 
tho^e orf jthe Coppde^ and on the Carves system) ;• height 
5 ft loj in. (the original Carves ovejrs at 'Terre-Noire are 
19 ft 8^ in. X 2 ft. 5^ in. X ft 9 in.). Their available space 
is 88 per cent oAthe total Space, and they tjke a chaise of 5J 
tons of finely sifted( dry coking-coal. The charging takes place 
by four holes, k %\ ‘the ends 9 re*clased by doors ^rning on 
hinges; the discharging takes place by the ordiifary pushipg- 
out machine (ram).» «fhe,efid walls between the twb ovens are 
strengthendfl by bifttresses, t, ^hich at.thq-sama Jima prevent 
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air from entering into the flues. The gases are aspirated by 
means of ap exhauster th'^ough the outlet vt, and are forced 
through the condensers and scrubbers ; they then return to the . 
ovens, and issue by the tube A over the fire-grate^, where the^ 
take fire. Th| fire-gasfes travel round th^ partition q, rise at 
one end up to the top flue /, and descend through the three 
horizontal flues I I and the snore-hole r into the main-flue s. 
The mouth of the gas-inlet pipe A is an annular double tube, 
like a Bunsen burner; whilst the inner tube conveys the air for 
combustion, the combustible gas issues through the annular 
space, and both enter at the same time into g. Owing to the 
distance whichi the products of combustion have to travel before 
they reach the main-flue s (about lOO ft. in a Carves oven), they 
were formerly cooled down too much, and the ovens did not get 
hot enough, whilst the oven bottoms were fluxed. To avoid 
this, Hiissener introduced a previous heating of the air to about 
300° C. in the flues d e\ it is then conveyed through the small 
flue/, contained in the buttress t, partly through i in the grate- 
space g, partly through 4 into the top flue /, and in both places 
gets mixed with gdk. This does not seem to have met with 
complete success; but after ac^ling further gas-inlets at » and 
Kj, the fire on the grate g could be left out, the gases sufficing 
• for heating the retorts. [It seems pretty evident that this sort 
of firing the ovens is not so economical as Otto’s; this would 
also appear from the fact that the Otto ovens have a good deal 
of gas to spare.] * e 

^ • The, cost of erecting a set of 100 Hiisseher ovens in 
Gelsenkirchen (Westphalia), according to a published balance- 
sheet, was;— • . 

For utensils . . MarJfS 2,689-33 

„ buildings . . , 113,225-38 

„ mathmery and iron¬ 
work . . «. 416,624-43 

„ railway . . 38,I93'43 • 

„ well and water-pond . 30,953-60 , 

' M. 6oi,586-22=per oven, M» 6016-86, or, say, 

' doke-ovens. . 1 52^4-75=i£i63 ' ' 

,, Iknd 1, . . . 105.655-^5 = 4056-55 =;(52. 

- < ' M. 1,033,816-88= M.* 10^338-16 

t Or, My, ,£50,169; per oven, aboift=£5o2.’ 
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The ovens are charged, at inter,vals of 6o hours, with 
tons of bituminous (proper * coking-) coals, (say, 700 
tons per annum, or two-thirds of the output of the Otto 
ovens). • ^ 

They are stated»by. Huisener(Sto^/«. Eisenjn^iz, p. 405) to 
yield:—, 


Larjje coke . 

Small coke . 
Coke-breeze 
Tar 

Sulphate of ammonia 


From Qas'cotl. 

. 6170 

. 3-60 

. 9 'i8 

. 272 

0-924 

* 


From Cokiiig'coal. 
75-00 

0-80 

1-20 

277 

l-io 


The ammoniacal liquor shows 5° Tw. and contains 1-65 per 
cent. NHj. The tar is very thin; its specific gravity differs but 
little from that of the ammoniacal liquor. According to analysis 
made in November 1882, it yielded;— 


58-83 per cent, distillate 
39-51 „ pitch . 

1-66 „ loss 


0-59 benzol 83-100° C. 
0-49 ,, 100-140° C, 

0-39 solvent naphtha. 
1-37, pure phenol. 

0-95 pure anthracene. 


The yield of phenol and anthracene is much higher than 
from ordinary gas-tar. 

The Semit-Solvay oven* which is also an outcome of the 
Carves principle, is extensively used, especially “in Bel-* 
gium Md France. We give the following* description of 
this oven, as erected in the Havr6 colliery near. Mons 
(Belgium), according to communic^tio^ns from M. Demanet, 
manager. 

The o'ven is 2a ft. fi^in. long, 5'ft. 7 in. high, 14-2 in. Vide at 
one end, and 14-96 In. wide at the otifer (where the coke is 
pushed out). Tlfe heating-flues, where the gases are'burnt, 
are built indepehdently of th^ partitions between the ovens, 
and. are therefore.feasily renewed withqpt injury to the pvqps 
themselves. They are formed df thin-walled, retort-shaped’ 
pieces (fig. 25) fitted ‘*tto each oth’er by rebates', and thus 
joining tightly." This construction, whilst strong,* admits of 
wpid transmission of the ,h*at through .-the Ain walls, and ‘ 
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thus quick work; and at the same, time it reduces to a 
minimum the communication betw'een the flue-gases and the 
vapours formed inside the ovens, which is very important for 
the yield of by-pVoducts. , 

Two forms of these rkort-shaped flue-pietes are in use. 
One of these has three planes, the fourth being formed by the 
brick-work of the partitions; the other possesses four planes 
(Fig. 24), which is more expensive, but affords better protection 
for the partitions against the heat. Experience has not yef 
shown which is preferable. The partitions are made two bricks 
thick; the walls of the retort-shaped flues are only 2-36 to 
2’75 in. thick. 

In order to keep the heat together as much as possible, the 
top arches are 3 ft. 11 in. thick, and all cast iron doors are 
provided with sheet-iron outer doors. 

Formerly small heating-flues were provided underneath 
the floors of the ovens, which were believed to be absolutely 
necessary for dry coals. Now, however, these are dispensed ' 
with, and the fire-gases are driven from t|;ie top downward, as 
shown in Fig. 25. A portion of these gases issues on that 
side of the ovens where the foke is discharged, and passes 
•into the upper row of heating-flues, along tha middle and 
bottom rows, and ultimately through the flue beneath the 
floor. A second'supply of gas circulates on the opposite side 
of the oven into the middle row of flues. ‘This arrangement 
avoids the formation of explosive mixtures and distributes 
the heat equally. 

The air required for burning the gas is hspirated by a 
chimney, and is heated in a !iue,.situated beloVv the hot oven- 
bott#m, to 200° or 300°, before it ijsues into the heating-flue, 
where the gases are first introduced, fhi# produces complete 
combustion and iijtense heat, and' does away with the sntall fires 
formerly used for heating the oven-botUfms, so that at present 
only half the gas #5 produced 6y the distillation of the cdals are 
required for the foking-process, although the.coal contains only , 
i6or*i7 per cent .Volatile constituents. ,The other'half jf the 
gases is utilized for steam-prodijetibn* and the excess»allowed to’ 
escape into the atmosphere. Much more steans is produced than 
the works can utili;fc,*and»the excess of steam is passid over tb '■ 
.'neighbouring ammonia and'alkali works, Westam tCK joine 
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extent estimate the degree of utilization of the gases, when we 
consider that 4-5 per cent, water of the weight t)f coal and 1-5 
per cent, tar is condensed, together 6 per cent., before the gas is 
passed into the heating<flues; thus Jeaving 10" or ii per cent, 
for performing ^he coking process, only hairof which is actually 
needed. ' 

This utilization of gases is accomplished only by carefully 
preventing the entrance of air into the ovens. All doors are 
provided with asbestos-lined joints, and all the joints of the 
charging.holes, peep-holes, etc., are carefully faced, so that they 
close tightly by means of springs, and the luting with clay 
(always unreliable) is dispensed with. The air-tightness of the 
ovens is proved by the fact that the coke, when discharged, 
does not show any sign of combustion. 

The gas is distributed in the heating-flues under uniform 
pressure by means of pipes of exactly the same section, so that 
all ovens receive an equal quantity of gas, and the draught 
from each oven into the main outlet-flue is also regulated 
by means of dampers, so as to be equal for all ovens. Hence 
the work can be regulated at one and the same time for 
all ovens by means of the cfiiraney-daraper. When enter¬ 
ing the chimney, the temperature of the gas is scarcely 
200° C. 

At Havrd four sets. A, of 25 ovens each (Fig. 26) are in use, 
every one of whicSi consuraes,from 100 to no tons per day. 
The waste heat of the whole battery is passed, by subterranean 
flues, B^B, underneath the steam-boilers C; the gas at last 
issues into the chimney D. Each, set of ovens heat two steam- 
boilers- of 800 superficial feet heating-surface. The chimneys, 
are 82 ft. high and 5 ft. ,3 in. wide. '* 


E is the coke-pit made of cast-iron plates, sihiatpd above 
the railway F running to the canal G G.< The coke ' is pudied 
out by means of the steam-ram I., ‘ 

The gases and vapours product ip distilling the coal are 
aspirated b;^ the exhausters L, and first cooled in tanks on the 
top of the ovens by laeans of cold water^sa as to avoid any 
stoppage further on through ths deposition of thick ta;. They 
then pass ihrough the condensers K and scrubbers M, and 
ultimately through tuyeres into the heating'flues. Each set of 
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ing 35,cx)0 cubic metres per 24 hours,* and 'adjustable for the 
process in each'set. 

The scrubbers M have each seven perforated sheet- 
fron shelves. are tanl^s for amm«niacal liquor and. tar; 
0 is a pump connected with the reservoirs^ P, placed tit 
such an* elevation as to facilitate shipment into cistern- 
wagons. 

The cost of an oven is 4600 fr., that of the condensing-plant 
1600 fr. per oven ; altogether, 6200 fr. per oven. 

Each oven is charged with 4 tons of coal, which requires, on 
an average, 22 hours for distilling. A 25-oven battery finishes 
25 charges per day. The yield is equal to* that required 
theoretically, viz., with coal of 16 to 17 per cent, volatile 
constituents, 81 or 82 per cent coke. As by-products are 
obtained 6 or 7 kg. sulphate of ammonia and 14 or 15 kg. tar 
per ton. Wages and repairs are slightly higher than without 
recovery of by-products—say o-jo fr. per ton; but the wages do 
not exceed 1-30 fr. per ton, and as the profit on by-products 
is=i-8o fr., the clear profit is 1-50 fr. pv ton. Now an old 
coke-oven, without recovery-plant, costs 2000 fr., and pro¬ 
duces 60 tons coke per montlf, or 3300 fr. for 100 tons per 
month’; a Semet-Solvay plant for the same production costs 
6200 fr., or 2900 fr. more. But the extra profit on these 
100 tons being 150 fr. per month, or 1800 fr. per year, the 
additional outlay bears interest at the rate of 60 per cent, 
per annum. • 

At the Phoenix Iron Works at Laar (Rhenish Prussfa) ^ eacli 
Semet-Solvay 6ven^consumes,i643 tons of coal'and yields 1273 
Ions coke per annum. The yield from 1000 kg. of dry coal is 
77 S coke, 10 kg. tar, 7-6 sulphate cif ammonia. The thick 
arch accpmiflates the heat, and admits oi keeping the ovens 
hotter thafi any other*system, so that, without recuperators or 
air-heaters, it is possible to mjx from 73 to 77 parts of bitumin¬ 
ous coal with 29^*0 27 p^rtSjOf dry coal and to obtain excellent 
coke, but of course less tar and ammonia'than without the 
additfon of dry co^« 

We q;iust not omit to mention tlia! Hiissener djieJnot admit 
these advantages of the Semet-Solvay ovens; but then we mqst 
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bear in mind that he is the inventor of a competing system (pp. 
127 et seq^.' *■ 

The following comparison of Semet-Solvay ovens in use at 
Syracuse, N.Y., and baehive-ovenSj is quoted from Sta/i/ u. 
1895, pA070:— ' ' 




BemetSolvay. 

Beehive. 

Number of ovens. 


IS 

12 

Average time of coking . . . hours 

20 


Number of ovens discharged in 24 hours . 


14-4 

5-5 

Coal coked in 24 hours .... 

kg. 

71,688 

27,760 

Coke produced in 24 hours 

kg. 

57,669 

17,327 

Sulphate of ttmmonia produced in 24 hours, kg. 

772 

nil 

Tar produced in 24 hours .... 

kg. 

2651 

nil 

Yield of coke per cent. 


80.7 

62*3 

„ sulphate of ammonia . 


1.075 

nil 

» ‘ar. 


3-69 

nil 

Value of coke made in 24 hours (marks) . 


40270 

i2e>o8 

„ sulphate of ammonia do. (do.) 


214*28 

nil 

„ tar do. (do.) 

#) 


12272 

nil 

e; 


740*00 

120.08 

Value of prSducts from 1000 kg. coal 


61*65 

10.00 

Cost of each oven (marks) 


6400 

1260 

Duration „ (years) . 


10 

5 

Quantity of coke.made in each oven (kg.) 


17.638 

2957 

Cost of oven per looo kg. coke imark) 


0;35 

0.46 


In 1899 there existed in Belgium 579 i 'P Great Britain 370, 
in the United States 297, in France 155, in Germany 97, irt 
Japan 16 Semet-Solvayoovens; altogether 1514, with an aggre¬ 
gate production -of about 1,720,000 tons of coke (;]. H. Darby, 
1899, p. 1055). ' ‘ 

According to Eng. and Min, /-nJSqp, p. ^24, the Semet-Solvay 
ovens at an English colliery yieltjed,from fOo tons of coal; 
70 tons coke, 4i' tons tar, if tons sulphate of ammonia— 
. 303 gall, crude benzok, and the equivalent of 13 tons steam. 
At the pficfs of that time the recovery of the byproducts 
;jridlded a-'profit*'of 50 per,cent on the expense connected 
therewitli. ^ 

■' , A coke-o<rdn of the upright ty'f)6 is that of R. Barlen (Ger. P, 
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183670) who claims that the by-products are better protected 
against decomjJosition than previously, and that'the coking 
process goes on more quickly and uniformly. By means of 
a set of Bunsen burners the sides of the coking chambers 
are heated quite uniformly in the horizontal^direction, but 
more and more strongly from the top downwards, the burners 
being arranged all over the side of the chambers from the 
top downwards, and the flues for the combustion-gases in the 
same way. 

We now enumerate a number of recent patents for 
by-product coke-ovens;— 

Kros, Fr. P. 391228. 

Wright, B. P. 13292, of 1907. 

Dillon de Micheroux, Ger. P. 104864. 

F. Otto & Co., Ger. Ps. 105432, 106959, 171901, 171203. 

Coppice, Fr. P. 290799. 

Gewerkschaft Konig Ludwig, Fr. P. 289213. 

Hilgenstock, B. P. I 9757 i of 1899. . 

Schniewindt, Belg. P. 143472 - 

Rigby, B. P. 20716, of igbi. 

Holmes, B. P. 25493, of 1901. 

Audouin, Aus. P., class 26, No. 9101. 

Henz, Ger. P. 183823. 

Tschudy, U.S. P. 1139088.^ 

Russig, in C/iem. Zeit., 1901,478, reports on new pro'cesses in 
the industry of cok^. 

. ' Poetter & Co., of Dortmund, heat the coke-ovens from 
abo\4 in a special manner, to lessen the speed of the heating- 
gases and more equalized results. 

C. Schihidt and J. GHasseur.of Mulheim a. d. Ruhr, avoid the 
drawback of unei^ual Auction from the various ovens of a^set by 
means of a receiftr, provjdec} with subdivisions, luted by the tar, 
the aspiration taking place through side-channels in these 
diyisi!>ns. 

The ^Universal Fuel Company of Chicago ^rfounds the 
; coking-chambers with a brick grating, whfch is^.heated no 
a white hjat by ^He IHime and^ produces a very uniform 
heating. 



13B 


PROCESSES FOR OBTAINING COAL-TAR 


Koppers (U.S. P. 8&2976) cools the gases approximately to 
the dew-pbi'nt of water, passes them through a separator where 
the tar floating as mist in the gases is withdrawn from them, 
superheats them again fcnd condenses the ammonia in an acid 
bath, kept at'a uniform concentration.' koppers’ horizontal 
coke-ovens are about 30 feet long, and hold from 6 to 7 tons 
of coal, which is coked in 28 hours, or in case of ground 
coal in 34-35 hours. The gas escaping during the first 12 
or 13 hours is collected separately, as it has the quality of 
illuminating gas, and is used for the lighting of the town 
Firminy. The gas givep out later on is used for heating 
the ovens. fhe ammonia is washed out of the gas by means 
of sulphuric acid, by the process of Koppers. The first 
(illuminating) gas is compressed by means of a Roots’ 
blower to atmospheres and conducted in cast-iron pipes 
to Firminy where it is purified from hydrogen sulphide 
in the old way. ' 

Weissbein (Ger. P. 144148), Collin (Ger. Ps. 138622 and 
144828), Cunow (Ger. P. 143307), describe other improve¬ 
ments in recovery coke-ovens (Fischer, loc. cit, pp. 99 
et seq), 

Pic^k (Aust. P. appl. A7292,6th December 1906, Chem. Zeit. 
Rep., 1908, p. 4) takes tar and ammonia out of the gases from 
the destructive distillation of coal, etc., by the liquid, kept in 
constant circulatibn between .the ^crubbers and the ammonia 
, still, the latter being at thp same time heated by these 
gases. 


Condensing Plant for Tar and Ammonia connected 

‘with Coke-ovens. 

‘ • 

Every plant for this purpose comprises a receit^er, air'and 
water-coolers, ammoi>ia-washer^ and 'aspirating-apparatus; 
mostly also tar-separators like th^t of Pelouce and Audouin, 
described supra, p. 58, or of Beld, and many others which we 
^ sljall,describe in the sestion treating of the reeovery of amhabnia 
from gases jyoduced in tfie Sistillation of coal. , , 

• In this plaA we will only describe a few' of the most 
Importarft ' condensing - plants construc'le'd for ^coke-ovpn 
.gases. ■ ' " 
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The condensing-plar^t belonging to the Otto ovens is shown ib 
Fig. 27. .TJhe gas is first passed through the tube t, and cooled 
by upright wrought-iron cylinders or towers, A A. Within the 
cylinders are a number of iron tubes, fixed in' partitions at top 
and bottom. ^The top partition forms a watfer-trough, constantly 
fed with cold water, which flows downward throughi the tubes 
into the bottom box, and thence away into the next tower. 
The towers are so connected that the cooling-water used in one 
of them is taken up to a second tower, and so on. The gas 
travels exactly in the opposite way in the space between the 
cooling pipes, entering at the bottom and issuing at the top, 
and is thus oooled. Th 4 temperature of the gas in the tubes 
rising from the ovens, is 600° to 700° C.; in the main receiver 
/, 200° to 400° (according to the distance from the tubes i i)\ 
in front of the gas-coolers, 75° to 120°; after passing through 
them, 17° to 30°. In the coolers, A A, it loses a good deal of 
its tar and about 75 per cent, of its ammonia, in the shape of 
ammoniacal liquor. The quantity of cooling-water required is 
about 5 tons per oven in 24 hours. 

The gas is aspirated from the coolers, A A, by means of 
blowers, B B, and is forced into the scrubbers, C C. These are 
upright wrovght-iron cylinders or towers containing a large 
number of perforated iron shelves, 4 inches apart; water trickles 
down through these, whilst the gas travels'from the bottom 
upwards. The ammonia is thus washed out; the liquor runs 
off at the bottom, and is, in case <ff need, pumpqfl up over and 
Pver again, till it is strong enough for sale. Several scrubbers 
are connected in' such a way that the gas at first passes through 
that containing the strongest liquor, and at last that fed witji 
fresh water. Along with the remaining 25 per cent, of amitaonia, 
the scrubbers also ufO(?uce a good deal of tar. The temperature 
of thecas, which is. now returned to thq ovepsj is ij" C. Since 
a large quantity of gps cannot be burned in the qvens, as it 
would produce too much heat (as mentionefJabove), the excess 
is stored in a gas-jiolder, D.ar^dcan be used fbr illuminating, for 
heating st 5 am-boilers,^or other purposes. gas-holder, also 
performs a very important f ar^ in equalizing the pressure, and 
in preventing any damage from chanqe explosions, in which 
•case only'water would be driven out 'frtim underneath the 
gas-holder., • 
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The composition of this gas in a special case (the Pluto-pit 
ovens) was:— 



Hoist, 
per Cfjiit. 
by vol. 

Dry. 

. per cent, 
by vol. 

Benzene vapours, . 

cf6o 

o-6i 

Ethylene, . 

. i*6r 

*..63 

Sulphuretted hydrogen, H^S 

. 04c 

0-43 

Carbon dioxide, CO^ 

1*39 

1.41 

Carb(yt inonoxidc, CO 

6 * 4 1 

6-49 

Hydrogen, H . . 

• 5 -- 6 g 

53-32 

Methane, CH4 . 

■ 35-67 

36-11 

Water .... 

I-2I 

... 


JOO-00 

100-00 


Such gas has about half the illuminating power of ordinary, 
retort-made coal-gas, and can be used for lighting purposes 
by employing sufficiently large burners. In Westphalia it is 
employed for heating steam-boilers, along with the waste heat 
of the gases issuing from the recuperators into the chimney 
(420° C.). 

A German patent of the firm C. Otto*& Co. (No. 171203, 
of 1903, issued in 1905) prescribes conveying both all the 
tar and the ammoniacal liquor, beginning from a certain point 
back to the main receiver. The gaseous current thus estab¬ 
lished between tbe gases from the main and the condensater 
running back yields a product very rich in ammonia and benzol. 

Further improvements a>e contained in the Ger. Ps. 203254 
and 204570 8f the same firm, and in their Ger. ]?. appl 
07014^0! 1910.. 

According to their Ger. P? 174695 (of 1902, issued in 1906) 
the ^mmoniacal liquor obtained according to the preceding 
patent is coojed and then employed fof washing the ammoni: 
out of the gases. 

A detailed deScrijfion has been plaaed at my disposal bj 
Mr Erhst Heuss, of Nied apm Main, of a condensing.plan' 
attached to a set of Otto coke-ovens, which in 27 hour! 
treat ^bout 250 tops of coal, coVitaining 10 per cei*t. of water 

’Thfs plant consists (rf the followingpart^:— 

• 

(a) I receiver at the ovens. ’ 

(i) 2 air-coole»s wjjh tar-syphons. 

(f) i tubular water-cqolgrs. • 
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{d) 2 high-pressure gas-exhausters. 

{e} ^ horizontal steam-engines. » 

(/) 6 tar and ammoniacal-liquor pumps. 

(g) 4 centrifugal water-pumps. 

{/i) I far separator. ' . * 

( i) I tubular cooler for the last cooling of the gas. 

(i) 2 ammonia-scrubbers. 

(/) I water-separator. '■ 

(;«) 2 benzol-washers. 

(ft) I separator for the washing oils. 

(o) 3 pumps for the same. 

(/) I Rushing cooler for ammoniacal liquor. 

(g) I cooler for the heated cooling-water. 

Tanks, pits, connecting pipes, shafting, etc. 

The gas (about 2000 to io,ooocub. ft. per ton of coal) leaves 
the ovens at the top through a ri.sing pipe which, by means of a 
valve, dips into the semi-cylindrical iron receiver common to 
the whole set of ovens. The temperature of the gases on 
leaving the ovens ik from 300° to 360“ C., and it enters into the 
receiver with about 200° to 253° C. This reduction of tempera¬ 
ture causes a condensation of the more highly boiling portions 
of the tar, together with most of the mechanically carried away 
coal-dust into “thick tar,” a semi-fluid tar ofdow value, accom¬ 
panied by a litt(e thin tar and ammoniacal liquor containing 
mostly fixed ammonia salts.' Softie “thick tar” also accumu¬ 
lates in the pipes rising from the receiver and in the valves 
belonghig thereto. In all these parts of the apparatus (in the 
receiver itself in distances of dbout 3 ft*, from one another) 
cleaning-holes, easily closed by caps, must be provided, thfbugh 
which iron poles can l 5 e introduced for detaching, the tar from 
the walls of the apparatus, and moving it forward to the 
“ explosion-pit,” conntcted with the maintby a somewhat steeply 
inclined gas-pipe which descenife into this pit and dips under¬ 
neath the liquid.^ In this pit, made o'f brickwork and iron, the 
tar and ammoniacal liquor condensed up to this poifit are 
collected,,and it serves atj-the same time as a safety factor; for 
in case of tiie gases in the main taking fire, no explosion can 
-jiropagate' itself into the subsequent parta of the condensing- 
p)ant,the g^sps get^lng^vent in ^e“ explosion-pit’“by means of 
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an outlet-pipe, dipping into the tar and passing outside. In 
order to prevent such combustions apd Sxplosions as much as 
possible, the caps belonging to the cleaning-holes l^ide supra) 
must be put on again immediately after use. The thin tar and 
ammoniacal liquor aj,e run off the surface of the tljick tar in the 
explosion-pit, and the thick tar is from time to time removed 
by means of iron rods. 

It is not advisable to cool the gases too suddenly, as this 
gives rise to troubles through plugs of naphthalene forming in 
the pipes and valves. 

From the explosion-pit the gases pass into the air-coolers 
6 , where the remaining portions of thick tar are gondensed, to¬ 
gether with a good deal of thin tar and of ammoniacal liquor, 
and arc removed by means of syphon traps. There are two air¬ 
coolers, in the shape of upright wrought-iron boxes, about 
7' ft. wide, and 33 ft. high, with a partition in the middle 
not reaching quite to the top, so that the gases ascend in one 
half and descend in the other half, the inlets and outlets being 
both near the bottom. From here the gases pass into the 
tubular water-coolers c. These are perpentJicular wrought-iron 
cylinders, 8 ft. diameter and 3J ft. high, with false bottoms 
into which wrought-iron pipes of S in. width are fitted. 
Through these pipes cold water is flowing; the gases are carried 
in the space between them, upwards and downwards, by means 
of partitions, in a current opposite to that of the cooling water. 
The liquids condensed during’this passage pass through 
hydraulically-luted pots into the pit, where tar an^ weak- 
ammonjacal liqqpr are collected. The hydraulic .lutes must be 
ihade to correspond with the vacuum, produced by the ex- 
Ifaustjrs e, placed at this point, which force the gases to the 
parts of the apparatus following behind them. The vacuum, 
beginning at the receiver a, naturally dfec^ases later qp, and 
thus varies from b tp* 200 mm., the pressure on the other 
side being from joo to 250 r»m. of mercury. Corresponding 
to this, the hydraulic seals must be at least 500 mm. deep. 

Or\,the other sic^ of the pumfs the gases are brought under 
a pressure of 25b • to 300 mm., iq drder to drjve ttteifi 
through the tar-separator, the ‘after-cooler, tjie benzol- ai^d 
ammonia-washer%bjcJ?into the coke-ovens; on entefing these, 
jhe pressute should be stftl about 50 mpi^ This is 
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necessary in order to prevent explosions in the gas conduits, 
which must happen'if there was a vacuum at this point 
at which 'air would enter into the gas conduits, instead 
of doing so only in the flues round the coke-ovens. Such 
explosions loave sornetimes taken pla^e when new plants 
were being started, during which time consequently special care 
must be taken. Otherwise they may happen when the engine 
or the pump suddenly break down, or an accidental vacuum is 
caused by faults in the joints, etc. In such cases they can still 
be prevented by stopping the conduit in front of the ovens by 
means of a slide provided for that purpose. 

The quantity of cooling-water should be regulated in such 
manner that it leaves the system at a temperature of 70° to 80°, 
the gases being cooled down ultimately to 25° to 30° C.,but this 
is mostly attained only in the second cooler behind the pumps, 
The heated water is usually cooled down by flowing down 
over large surfaces and here meeting a current of air; it can 
be brought down to 17° or 18° and used over again for the 
water-coolers. 

An exhauster 'forcing 100,000 cub. ft. of gas per hour 
against a total pressure of 3 fj. requires 17 or 18 h.p., with 8c 
revolutions per minute. They are now constructed up to pump¬ 
ing 300,000 ft. of gas per hour. Most coke-works require only 
three such pumps, two for actual work and a,third as reserve ir. 
the case of a breakdown. The driving-engine, whether steam- 
engine or electromotor,should also be provided in duplicate, 0: 
,,course_ pressure-gauges are provided in suitable places, a; 
' well a^peep-holes and small taps for lighting fhe sample of gai 
issuing from them, the length of the flame (about 6 in.) anc 
its vibrations serving as a good control for the working of th( 
system. ' 

Ajl portions ot the system must possess outlets for th( 
condensed tar and liquor towards the great covered pit when 
these separate. ■ , , 

Behind the exhausters, /, we< find first & tar separator, h 
usually constructed on the principle of Pelquze and Audpuin, a 
described on pp 58 ei seq., yiz., containing a'series of perfbratei 
plates, the kolej in eacbplate Corresponding to a full place abovi 
. and belpW, so that the gases are subjecf^d^to^entinuous shock, 
against solid surfaces, by which the foggy particles of tar an 
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united into larger drops, flowing downiyards. Then comes a 
tubular water-fed cooler, i, by which the temperatfife of the 
gases should be brought down to 20° to 25 C. The cooling- 
water is broughfback to 17° or i8-° C. by means of the cooler 
which is a mass (Jf thorns and works on the * graduating ’’ 
principle.* - 

The cooled gases now pass into the ammonia-scrubbers R, 
cylinders of fJom 7 to 13 ft. diameter and 25 to 50 ft high, 
filled with a large number of wooden sieves, and fed with a well- 
distributed quantity of water. When leaving the second 
scrubber, the gas ought not to contain more than traces of NH3, 
say, not above 5 g. NHjto too cbm.,*but sometimes this goes, 
down to 2 or 3 g. The liquor produced in the second scrubber, 
containing 4 to 6 g. NH^ per litre, comes up to o-6 to i’5 per 
cent. N H3, and is used for feeding the first scrubber, where it 
comes up to the proper strength and is then sent to the ammonia 
works The gases pass from the second absorber through the 
water-separator I, and then to the benzol condensers 111, which 
are built exactly like the ammonia-washers, but fed with tar- 
oil (cf. p. 67), being equally followed by an oil-separator, «. 
Generally, about 85 to 90 per cemt. of the benzol contained in 
the gases is recovered here. The residual gas now.passes on to 
the coke-ovens, where it serves as fuel. 

The yield of .tar from good coking-coal averages 2j to 
3J per cent., that of ammonia (calculated as sulphate) i per 
cent 

Improvements in the condensing-plant of b^-product coke-' 
ovens are described by Brunck (Ger. P. 137563), in dVder to 
recover the vapours lormed during the drawing and charging of 
the M/ens, where the principal gas-conductors are shut off 
by means of a special gas conduit {JPische^ Jahresber,, 1903, 

p. 17-) 


Quality of the ifir proctucea tn various forms oj voKc-ovens. 

, \Ycf have alrea^V^ partially treated o( this subject in for^ 

, .nation with the gas industry, 3 ® 

;; Extensively treated by jWatson Smith,'whose tommqnications 
“ jnll be found in f.'Soot Chenu Jnd., 1883, pp. 40^3, 495;' 
188s. on, o • and iRRc n. aci. We. must refe» for details 
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to those papers, and here give only a short abstract'of their 
contents. <' ' • 

The tar or tar-oil from Jameson's coke-ovens (p. 99) has a 
specific gravity of 0'Q6o to 0-994. It contains no benzene, 
but very littfc toluene and rathet mpre- xylene. It mostly 
consists of oils boiling between 250° and 350° C., evidently 
belonging to the marsh-gas series; they are of little value 
for burning, and of but secondary value as lubricants. From 
the higher boiling-oils (up to the point at which pitch remains 
in the retort) a small quantity of paraffin, melting at 58°, 
separates. By treating the crude oils with caustic soda a 
fair amount -of phenols • is extracted; but they contain no 
carbolic acid, by far the largest proportion distilling between 
235° and 300", and they appear to resemble the complicated 
phenols found in wood-tar creosote. Neither naphthalene nor 
anthracene is present. Altogether the Jameson tar evidently 
belongs to the class of tars obtained by the distillation of coal 
at lower temperatures, and cannot be classed with the ordinary 
gas-tar. Watson Smith considers it an excellent material 
for creosoting timber. The results of Watson Smith entirely 
coincide with those obtained in 1873 by Behrens with the tar 
from Pauwels’ coke-ovens. 

H. E. Armstrong (/. Soc. Ckem. Ind., 1885, p. 451) expresses 
the opinion that the Jameson tar or oil might be improved by 
passing it through red-hot retorts, and is thus “ intrinsically 
more valuable than the tar from closed coke-ovens. This idea 
• as well, as his opinion that the construction of the beehive 01 
the Janfieson ovdns more nearly approaches the ideal of a coke- 
oven than the closed ovens of Carves arid others, is directly 
opposed to my opinion, and probably to that of most competent 
observers. Mr Watson Smith, who had already in 1883 con- 
ceived the plan of treating the Jameson oils as suggested by 
Armstrong, and who was on the point of patenting it, but 
relinquished this plan, states, as his reason/or doing so, thai 
the expense and losses of this protest are rmnous unless thesi 
oils are to<be had for almost nothing; and entirely agree witl 
t‘hat‘opin.’on. " ' , 

. A later Analysis of another'sample of Jameson tar by Watsoi 
■ Smith ij'ndustries, 1886, p. 162) has p e‘very way confirmed tlw 
. conclusions, formerly arrived at., ‘ 
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The tar from the Simon-Caruh ovens 119), as produced 
from Pease’s West coals, is black an*d thick, of spewfic gravity 
i'io6, and closely resembles the tar produced in ihe London 
gas-works, in containing very much naphthalene a^d anthracene, 
but less benzene, toltiene, xylene, and carbolic acid than Lanca¬ 
shire tarsi Paraffin is altogether absent. A fractional distilla¬ 
tion of 2400 C.C. yielded :— 

. 6-2 per cent, by vol. water. 

. 1-6 „ „ naphtha. 

■ 2-9 .. » oil- 

• *'3 »» », » ^ 

. 0-5 Nearly all solid naphthalene. 

jg-g/Naphthalene and anthracene, mixed 
1 with intermediate oils. 

/Nearly all solid crude anthracene; 

\ little red oil. 

■ 3°‘5 por cent by weight half-coked pitch. 

The pitch-coke was saturated with ammonia. 

A determination of the real anthracent by Luck’s method 
yielded 0-73 per cent., comparatively a very large amount, but 
if any considerable quantity of paraffin is contained in such tars 
(it was stated to be altogether absent in the above case; see, 
however, below),, this would make it useless for the manu¬ 
facture of alizarine. The benzene seems to be very rich in 
thiophene. 

An analyst of the Simon-Carvfes tars from Pease’s West, by, 
S. A. Sadler, yielded 4-5 per cent, by volume •f,light ails, 20-4 
per cent, by volume of creosote oils, with much naphthalene, 
and 34-2 per cent, of thick anthracene oil. Further treatment 
of the distillates gave :— 


Water . • 

Pot cent, on t&r. 

• 

. 10*00 

Benzol, 50/90 jfcr cent. 

. 0-50 

Solvent naphtha (90 percent) at t6o° C. 

,. o-6o 

Heavy naphthas ' t 

. 0-40 

Crude carbslic acid . * . 

005 

Creosote dlls- . » • * 

. 46-50 

Anthracene . ■ * • . ■ 

074 

Pitch and loss , . . . 

? 4 f 24 

• • 

. 

JOT-OO 


Below 120° . 
» 120" . 

„ 210” . 

„ 220° . 

„ 230° . 

„ 300° ■ 

Above 300° . 
Residue 
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From s;.nother set pf Simon-Carves ovens, erected at near- 
Park, and'forking with a (different description of coal at a some¬ 
what higher temperature, the following results were obtained 
(Watson SmitF,/. Irow-and Steel Inst );— 



(»). 

(d). 

(c). 


Ammoniacal water 

... 

«.* 

7-44 per cent. 

Light oils .... 

5-12 

5-12 

6-28 


Creosote oil . 

7;44 

.... 

ii «99 


Naphthalene. 

... 


10-17 


Thick anthracene oil . 

34-03 


... 

H 

Crude anthracene. 



11-57 

J» 

Naphtha .... 

3-05 



)} 

Pitch . ‘. . . ■ . 

45 -t 7 

... 

57-29 


Further treatment gave:- 

- 




50/90 per cent, benzol . 

0-703 

... per cent, on tar. 

Benzol, boiling at 8p° to too” 


0-53 

7 ) 

77 

Toluol, „ 100° to 120° 


029 

5 ) 

7 s 

Solvent naphtha, 90 per cent 

1-031 

1.25 

« 

77 

Burning naphtha, 30 per cent. 

0-434 

020 

« 

77 

Carbolic acid (crudic) . 

0-305 


3J 

77 

Cresol (crude) 

0-352 

... 

n 

77 

Naphthalene (crude) 

u 

• I-OO 

« 


Anthracene, 28 per cent. 

2-395 



„ 


Specific gravity of tar = i'i5. One ton of tar yielded 1-44 
gall, of 50 per cent, benzol and 48'2 lb. of 28 per cent, 
anthracene. “■ 

The>Bear-Park tar is seen to resemble normal retort-tar 
' much m'6re closefy than the Pease’s West tar; it contains much 
more benzol and carbolic acid than the lattef (although less than 
the lowest average of carbolic acid from gas-retort tar, viz., 0-5 
per cent.). It is rather less rich in naphthalene and anthracene, 
but still contains a great deal of those substances. .' 

According to private information, reeeived from -Mr S. B, 
Boultbn, the Simon-Carves tar is stometimes very rich in paraffin, 
and this renders the anthracene made from" it unsaleable, so 
tljat they hhve ceased making anthracene at their Bilbao<works 
{vide supra). ' ' ^ 

' An analysis of tar flom Otto-Hilgenstock ovens has already - 
been givtn (p. 116). Lunge and J. Srhmkl*(C^»r. Ind., 1887, p. 
.437) have er^aminedr, su(;h tar—irt, from the “ Germania ” coke- 
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ovens, built on the Hoffmann-Otto principle, exactly aiaescribed 
in the text; 2nd, from the modified toke-ovens, builjUaccording 
to the Ger. P. 37280 {cf. p, 103), at the “ Hibernia unyShamrock ” 
pit, near BochunT(Westphaira). Analysis yieldeyhe following 
results:— 

A. B. 

» “ Germania’* Ut, “ Hibernia ” tar. 


Spec. gray, at 15° . 

t-iigS 

1-1368 

Light oil up t 9 170° .-j 

6-55 p. c. weight 
i = 7'43 P- c- vol. 

4-88 p.- c. weight 
= 5-24 p. c. vol. 

Middle oil up to 230° .j 

f 10-54 p. c. weight 

14-14 p. c. weight 

1 =io-i6 p. c. vol. 

= 13-97 p. c. vol. 

Creosote oil up to 270° .j 

f 7-62 p. c. weight 

1 = 7-23 p. d! voh 

9-99 p. c. weight 
w 9-77 P- 0. vol. 

Anthracene oil 

44-35 p. c. weight 

22-65 P- 0. weight 

Pitch . . . . 

30-55 1. 

43-41 „ 

Water . . . . 

trace „ 

3-84 

Loss .... 

0-39 

100-00 

1-09 

100-00 


Light Oil:— 

“Qermanli 

i” tat- 

“ Hibernia" Ur. 

Loss by chemical washing . 

18-42 p. < 

voL 

33-05 p. c, vol. 

(including phenols) . 

(3-80 

j 

( 5-32 .. ) 

Distillate between 78° and 100° . 
„ „ 100° and 140° . 

17-56 

)l 

} 24'39 .. 

Spec. grav. of joint distillate at 15° 

0-869 


*0-862 „ 

Residue beyond 140° . 

55-91 

»» 

42-56 „ 

Middle Oil 


. 


Phenols (crudg) . . . * . 

2^ 

»» 

37-66 „ 

Naphthalene (crude) . 

43-30 p. ( 

:« weight 

7-76 c. weighki 

• • 

Creosote Oil: — 0 • 



• 

Phenols. 

ii-o p. c, 

. vol. 

i 8'33 p. c. vol. 

NaJjhthalene (crude) . 

• 

43-6 P- c. 

, weight 

4-43 p. c. weight 

Anthracene,Oil yielded crude an¬ 




thracene, percentagt^on tar 

4-13 


0-93 

Containing pure ai^thracene • 

• 

12-90 


25-67 

Pitch;— * 




Sefttning-point ,* . . . 

105 


iRo° 

Containing £xed 'carbon 

I* 

c. 

42-44 p. 


The distillate fwin t)^ washed light oil up to i^poVould be 
«' nitrated without leaving any i;p 5 idue, and produce^ 133 per cent*. 
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weight oi nitro-compQunds of specific gravity M91, yielding 
only M p^ cent, up to 190°. It can therefore' be regarded as 
consisting 6 itirely of “ aniline-benzol,” in which a large quantity 
of xylene is c'l^rtainly comprised. The portion boiling above 140° 
contained a considerable amount of naphthalene; but as this 
would be compensated by some naphtha, returned in the 
working of the middle oil, the whole of that portion may be 
called “ heavy naphtha,” without conducing to the expectation 
that all of it can be obtained in the state of commercial 
“ solvent naphtha.” 

On rectifying the washed light oil from the “ Hibernia ” tar, 
the thermometer rose rapidly above 100°, then slowly to 140°. 
A considerable portion distils only above 170°. In the nitrifica¬ 
tion test 129-6 per cent, weight -of nitro-compounds, specific 
gravity i-i88, was obtained. On distilling these compounds, 
there escaped between 110" and 190°, 2-47 per cent, of an oil 
which resisted further nitrification. Hence this “ aniline-benzol ” 
is not so pure as that from the Germania tar, and it, moreover, 
evidently contains very little benzene, but chiefly toluene and 
xylene. Its value is therefore much less than that of the 
benzol from the Germania tar. • From the above results we can 
now deduce tpe following table of the products to be recovered 
from these two tars :— ' 




A. 

B. 


* # 

” Germania " tar. 

“ Hibeoata ** tar. 

Aniiine-^nzol ... 



1.68 


I'13 

Heavy naphtha ! . . , 

Crude naphthalene from middle oil 


4-54 

, 3 - 64 ' 

I <09 

3-06 

„ n „ creosote oil 


3-15 

... 

0-44' 

-n 

!» if » total • 


7.69 

;-53 

Crude phenols from oil 

„ „ „ mid&Ie ml 


0-35 

1-56 

... 

0-38 

4 . 9 c 

„ * ,1 „• creosote oil . 


0.43 


i-‘/5 


„ „ „ total i« 


... ii 

3-33 

6-93 

Anthracene, calculated as commercial 33 pfr 




ceht ...... 

Creosote oi!=middle oil+creosote, 

misus'’ 


1*59 

... 

073 

phenols and naphtiialene 
Anthracene oil,filtered. . 

,t . 

u. 

8.34 


15.67 



4 V 6 

'30-5-5 


S 1 -D 3 

i'itch' harf) . t. t 



... 

43-41 

Water . , . . . ^ . 

< tJ 


... 


3.84 

♦ 


If * 

48-38 


97-31 

,• _» ,V ._r 

_ a- 










QUALITY OF TAR FROM COKE-OVENS JBl 

H. 0. Hoffmann {Eng. and Min.J., 1898, ii., p. 42^gives the 
following composition of tar from thaUmted-Otto c^e-ovens at 
Glassport (Pennsylvania):— 


Light oil (boilijg at 80° to 170°). 

3-7 1^1 

Middle oil ( „ ‘ 170° „ 230°). 

. 9-8 

rfeavy oil ( „ 230° „ 270°). 

. 12-0 

Anthracene oil (boiling above 270°) 

4-3 

Pitch » . . . . 

. 67-0 

Water .... 

2-3 

Loss .... 

0-9 


Spec. grav. . • . M70 


An analysis of the tar obtained in beehive-ovens modified 
on the system described in the above-mentioned Ger. P. No. 
37280 was made at the laboratory of the Bochum Mining- 
School, and yielded the following results:— 

• 

Spec. grav. at 19”, i-io6. 

I kg. yielded up to 160°:—20 c.c. water, 

47 c.c. ligfit oil. 

I kg. yielded up to 240°:—188 c.c. middle oil 

• 

The light oil contained S per cent, acid oils, and’yielded at:— 

S6‘.100' IfO* ISO* 180* 140" ISO' ISO* ITO' 180" IW 

per cent. 2 4 12 24 38 51 64 74 80 87 

• • 

The middle oil contained 24 per cent, acid oils, but very little 
naphthalene, and yielded at:— 

200* Sir 820* 290* 240* 

per cent. 5 18 42 ^2 76 85 

There was only J-B3 per cent fixed, carbon, against about 
10 per cent, in ^pther coke-iars, and about 20 per cent in 
gas-tar. 

R^my {Z. ang^. Chenu, i8§o, p. 327) obtaineij from such 
tar" on the lar|;e' scale 043 tent anthracene,* 175 
" aniline*benzol,” 1-50 per cent lolvent naphtha, 34-00 creosote 
oil^ 42-60-per cent.pjfch^ 8-10 per cent water, 11-62 j)er cent, 
loss. 
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The t\r from the Semet-Solvay coke-ovens at Glassport, Pa, 
{cf. p. i3iLhas the specific gravity i-iyo, and yields 


LigA oil, boiling-point 80° to .'70° 

, Per cent. 

• 3-7 

Middle oil, „ 

170“ „ 230“ *. 

9-8 

Creosote oil, „ 

230" „ 270“ . 

. 12-0 ' 

Anthracene oil, „ 

over 270’ 


Pitch . 

. • . . 

• f^-or 

Water . 


2.3 

Loss 

. 

0-9 


Complaints are sometimes made that coke-oven tar is o; 
unequal quality, and on the average less rich in benzol thar 
gas-tar. But this depends upon the quality of gas-tar taken foi 
a standard. It must not be overlooked that coke-oven tar i< 
always obtained from the same kind of coal, unmixed with shale 
boghead, or other additions frequently made at the gas-works 
There is absolutely no reason why tar from the same kind o: 
coal, obtained in a coke-oven, should be of less uniform qualitj 
than gas-tar. 

Composition of Westphalian coke-oven tar, as abstracted 
from Haarmann, pp. 15 and 16;— 



•' Germnnia" pit. 

“Pluto "pit. 

Benzol for aniline . 

1-68 

010 to 0*30 

Naphtha 1 

3.64 

0-30 „ 0-90 

Crude naphthalene. 

7-69 

5-20 ,! 9-30 

Crude phenols 

. 2-23 

0-97 „ I- 4 I 

Creosete oil . 

. 8-24 

8-50 „ 11-30 

Anthracene oil 

■ 4»-76 

'22-00 „ 30-40 

Anthracene 

• J -59 

’0-71 „ 100 

Pitch . . • . 

- 30-55 

43-20 „ 48-30 

Water . , 

. 

1-20 4-IC 


The yield of coke-oven tar from We.s^halian coals is 
from 1-31 to 4-0 per cent, average 2-26. , Saar coal yields 
about 4 per cent, Silesian c6al even more. (With this wt 
should compare the yiejd^ of tar in gas-sfrorks; Ruhr coal, 
4-7 per cent; Saar coal^ 6-i {ser cent; Silesian coa'l, 5-1 pei 
pent). i 

,. Schniewindt {Min, Ind., 1902,152) gives the following com- 
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parison, illustrating the difference between coke-ove/ tar and 
gas-tar in workipg them up by distillation 



C^ko-oven taa. 

9 

Gas-t;^. 


Fr»ctiou|. 


WestphaUas 


Amerloan. 


coal. 

coal. 


Oaod. 

Bad.’ 

Light oil . 

Ter cent. 
i.a6 

Per cent. 
6.55 

2-5 

1-65 

6-14 

Middle oil 

14-73 

10-54 

2-5 

10.66 

5-03 

Heavy oil 

7-07 

7.62 

2$*0 

8-i8 

7-50 

Anthr.icene oil. 

21.38 

44-35 

.10*0 

14-05 

II.7I 

Pitch 

53-03 

30-55 

^•0 

6 l.l 4 S 

68-25 

Water 

1.52 

trace 


I.8I 


Loss 

I-OI 

0-39 


2-48 

1-37 


100*00 

100*00 

lOOOO 

99-99 

100*00 

Free carbon 

8*io 


25 


48-4 

Spec, gravity . 

• 

I *088 

1-1198 

1.155 


1-255 


A great number of similar statements ofi the products from 
various tars is made by Mallma^n in /. Gasbeleucht., 1905,p. 826, 
particularly with reference to the employment of the products 
in the manufacture of roofing-felt, of which we will give a short 
abstract. The taj- from different gas-works is easily distilled; 
while some descriptions of tar are easily distilled, others 
show a strong inclination t» boi> over during the first period 
of the distillatfon, which is not merely due to their consents o£ 
water, l}ut also tjiat of “ free carbon,” which is n»ufh greater than 
that of normal tars.* The pitch from bad tars is of much less 
value than that from normal tars, and the stills suffer much 
more by overheating in their case. Anrt)n^oofing-felt makers 
therj is 4 strong prejudice against cokfe-dven tars, but,this is 
. quite unfounded. ‘M^fmann gives a long list of the yields of 
fractions from varipus tars; so do Rispler, in Chem. Zeit.,•igio, 
p. 51; Hooper, « /. Gas Lighting, 1911, p. 100; Jayne, in 
J. Soc,Chem. Ind., 1911, p. 193. 

. Hubbard, in a*Circular of the JU.S. Office of Public Rbarfs, 
1912, givfis analyses of 26 AmeridSin coke-oven t|irs, together wjth 
statements of the tepipbrature of the ovens and the )rfeWs. Wn 
abstain from quqting his figures, as there, are nq statements 
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concemi^ the origin and quality of the coals coked, so that no 
useful comparisons can be made. r 

J. M. Weiss (/. Frankl. Inst., 1911, pp, 277 ei seg.) also 
makes statftnents concerning American tars. ■ He found: 

Free O»rbon. ' Spec. gray. 16-6" 0. 

Gas tar . . from 16-67 to 33 'i 7 per cent. 1-203 lo 1-296 

Coke-oven tar . „ 4-04 „ 19-06 „ 1-178 „ 2-258 

Water-gas tar . „ 1-04 „ I-08 . „ C.078 „ 1-090 

Generally the specific gravity of the tars increases with their 
percentage of free carbon. It is remarkable that in some 
American coke-oven tars there is as much free carbon as in 
normal gas-tar. 

General Conclusions .—As an outcome of all we know on the 
subject, we may draw the following inferences;—Closed coke- 
ovens of the modified Copp^e type (Hoffmann-Otto’s system) 
yield a description of tar at least equal in value to orjlinary 
gas-tar. The “benzol” contains- a large proportion of real 
benzene, and is practically free from non-nitrifiable products. 
There is a good tieal of heavy naphtha. The quantities of 
phenol, naphthalene, and anth*acene are normal. Unlike gas- 
tar, the tar from these ovens contains much less creosote oil and 
hard pitch than anthracene oil, which is rather an advantage 
than otherwise. All this is easily understood, since these ovens 
work at least at the same heat as gas-retorts. 

Ovens of the beehive class, nAjdified by applying to them 
•external heating-flues and recuperators, which work at a lower 
temperiiture thJn those just mentioned, yidd a somewhat' 
inferior tar. The “benzol” contains verjf little benzene and a 
notable proportion of non-nitrifiable products. There is also 
less naphtha and ^uc'h less anthracene. Moreover, it is very 
difficult to dehydrate.' The very smal| proportion cT naphtha¬ 
lene and the large proportion of phenols it contains is very 
noteworthy. Still this tar muSt be classeti with gas-tar and, 
worked up in the same way; it S entirely distinct from otlier 
tars, obtained from internally heated beehive coke-ovene of the 
/ameson type (p. 99).' • • ' • 

. The suggestion has been made (as mentione'd in Mr 
Weldonls*'presidential address,/. Sgc.'Chem. Ind,, 1883, p. 8), 
that alkali-pickers, and other {Ui^nufacturers whd&e establish- 
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ments are situated in coal-districts, instead of fee*ng iheir 
furnaces with c»al in the usual maifner, should bec^e coke- 
producers—the coke-oven gas, along with the cokwto be their 
fuel, whilst the tsr (or oil) and ammonia were pay for the 
small coal or “ duff’* to be'employed. Thus they would get 
their fuel virtually for nothing. Splendid as this conception is, 
a calm consideration of the facts at once shows that it is 
impracticable, «io.st certainly with the Jameson process, which 
Weldon had in view. Whether it is more practicable, when so 
employed, to convert all the* coal at once into “ producer-gas,” 
with recovery of the by-products, we shall see later on. 

I. Levinstein {eod. loco, p. 217) belifives that tl»e suggestion 
mentioned by Weldon would be practicable for any manufacturer 
consuming at least 300 tons of coal per week, and subjecting the 
gas to the action of a fatty absorbent in order to recover the 
benzol. Levinstein holds that the coke and the gas will be 
practically equivalent in heating-power to the coal carbonized ; 
but this evidently cannot be the case, since the tar is taken out 
and'all the heat imparted to the gases in the coke-oven must be 
tost in cooling the gases for the recovery of the by-products. 
Scheurer-Kestner {Comptes rendif vol. xcvii., p. 179) calculates 
the loss of calorific power in transforming coal irito coke and 
gas at 19-3 per*Cent., and holds Weldon’s proposal to be quite 
impracticable. 

Extraction of Benzol, etc., from Coke-oven Gases. 

The*extractien of benzol from coke-oven’gases hft been 
treated svpra, pp. ’]cfet seq., in ’connection with that extraction ’ 
from illuminating gas. We shall in this place, however, give 
some statemeats on the actuar developtnerj^ of that industry. 
According'ito Kraemer, ((J/ife/feaw/, 1897, p. 179), the German 
production of benzol from gas-tar in the eighth decade of the 
last century was oaly 1200 ton/per annum; nothing from coke- 
' oven tar. About ^he year I’qoo^it was estiqjated at 4000 to 
Scxxj tsns; 1896 aj'yooo tons, viz., 4000^ tons from‘coke-qve^ 
gases and 3000 tdns‘from gas-ta|^ alid*coke-oven tar.» In 1901 
the production of benzo[ was estimated'by Brunck at p5,ooo to 
30,000 tons, by Frank at 28,000 tons. For 1904 HaarraRn puts ' 
(.the total prdductien at 36,000 .to 38,009 tqns; Ran at 40,000- 
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tons, viz.V2000 from gas-tar, 4000 from coke-oven tar, and 34,000 
from cokVoven gases. In 1908 the German production had 
risen to gotooo tons, of which 80,000 tons came from coke-oven 
gases, and l»7,ooo froro gas-tar and coke-tar. ■ 

Grebel (Petroleum, 1908, p. 1191) estimates the production 
of benzol in the year 1907— 


In Germany, at 
„ Great Britain 
„ France . 

„ Belgium . 


60,000 tons 
25,000 „ 
8,000 „ 
6,000 „ 


For ipii^Kohler estiipates thequantity of benzol producible 
in Germany from the 24 million tons of coal coked at “ ration¬ 
ally” worked places at I 30 ,CXX) tons; if all coke was made with 
recovery of all products, the German production might be driven 
up to 160,000 tons. Of course nothing like that quantity could 
be sold. The yearly sales of the German Benzol Association 
were (tons)— 



IQOC. 

ISOT. 

To colour wo^ks . 

. . 23,663 

29,637 

„ gas-works. 

1,487 

1,240 

For other purposes , ^ , 

. . 6,121 

10,511 

, Total . 

31,271 

41,388 


The same Association in 1909 made 45,000 tons of benzol, 
toluol, xylol, and solvent naphtha; for 1910 it estimated the 
possible production of benzbl at*-85,000 tons, of benzol homo- 
logues. at 15,000 tons. The sales in this year were 56,000 tons 
benzoh and 6 &x> tons homologues. The actual quantities 
flelivered were, in 1910: to coldur-works,*32,300 tons; to gas¬ 
works, 928 tons; for gas-motors,33,322 tons; for other pu/poses, 
1240 tons.. It shculJ be noted that the sales, of benzol for 
motors exceeded tnose to colour-works. . ‘ 

In the year 191> Germany exported 24,712 tons; in 1913, 
34,032 tpns benzol. • 

According to Bakerfield {fihem. Trad^ /., 1915, p. 595), 
if all the toke-oven gases in the United Kingdom were.treated 
'ibr'the recovery of’ b*n»ol, this would produce 60 million 
tons benzol, and another 12 million tons might ^lave been 
produoed* by debenzoliziiig the ill^minating-gas at the gas¬ 
works. 
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For the United States, Tuning {J.,Gas Lighting, 1915, 
p. 84) states that if the benzol were* recovered frcA all the 
coal carbonized in the States in by-product cokwovens, the 
annual productioli would be 29,6oo,oco gall.,/ valued at 
^4,400,000. • . 

According to Chcm. Ind, 1915, p. 168, a number of 
large installations for the production of benzol, etc., from coke- 
oven gases weJe in course of erection in the United States 
and Canada. Among these we mention that erected by the 
Otto Coking Co. for the Lackawanna Steel Co. which was 
.started in June 1915, producing daily from 1500 to 2000 
gall, light oils; all the benzene and tdluene prodiRible having 
been sold beforehand at prices leaving a large profit. 

From the Asphalt- und Teerindiistrie Zeitung, 1910, pp. 639 
and 679, we take the following notes on the development of the 
benzol production and the requirements of benzol in France. 
Up to j 896 the production of benzol in that country was only a 
few hundred tons per annum. In 1896 and 1897 a few coke- 
works in the north of France started the recovery of by-products, 
and further works followed in 1901. At present (in 1910) the 
French production of benzol is about 13,008 tons, but the demand 
for it has largely increased, owing to the developpient of the 
motor cars, to 50,000 tons,[which are covered by importation 
from Germany, England, and Belgium. 


Recovery of Ethylene from Coke-oven Qases. 

. Fritzsche (/. Soc. C'hem. /«(/.,*! 898,27) has proposed to recover 
from eoke-oven gases, before burning them, not merely the 
benzol hydrocarbons, but also ethylene,h^ nj^ans of scrubbing 
them .with strong (36 pej; cent.) sulphuric acid (after removing 
the benzene hydrocarbons, HgS and moisture) in the shape of 
ethyl-sulphuric acuh When hSating this, ethylic alcohol i^ set 
- free, which contaifis no essenti%l proportion of propylic or 
isopropylic alcohol.^r of other impurities. In thiS manne^ 
26 g. absolute aldbhol was reco^eitd* from i cbm, •of coke- 
oven gas,‘but . this requires a very Ihrge aj^ratus, as he 
concludes from his •laboratory experiments, viz., fz-J cbm. 
♦ pej I cbm. gis produced per minute, whep eipploywif a pressure 
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of 4 atnlospheres; nor could the difficulties be lessened by 
working At an essentially higher pressure. Klar (Z. angew. 
Chem., iSpp, ^ 88 ) judges very favourably of this proposal, which 
would yielcxmany million gallons of alcohol, and this, as he 
thinks, at a comparatively low figureb»,t it does not appear 
that Fritzsche’s process has ever been tried on a w’onking scale, 
perhaps just because it was not protected by a patent. 

Illuminating-gas from Coke-ovens. 

Recently, important utterances have been made in favour of 
jiving up tlvi gas-retort ••system altogether in favour of coke- 
jvens of the most improved type, recovering all the by-products 
ind yielding gas which can be enriched to any suitable extent 
yy the benzol recovered from the same coal, or else used as it 
s in lamps provided with incandescent mantles. This question 
las been discussed at length in a paper by F. C. Moon (The 
Gas World, 15th September 1906, pp. 512 et seq), giving an 
iccount of a discussion before the Institution of Gas Engineers, 
raised by Thoma^ Glover, of which we shall now give a short 
ibstract. The former prejudice in favour of beehive coke for 
metallurgical operations has at length been vanquished, and it 
!s recognised that coke of the best quality can- be produced in 
injunction with the recovery of by-products; that the quantity 
Df coke per ton of coal is higher; and that the value of the 
ay-products is considerably In excess of the increased cost for 
wages, repairs, and interest charges. At present the residual 
jas frtm by-prbduct coke-ovens is usually deprived of part of 
its luminosity by taking out ths liquid hydrocarbons, but it is 
quite unnecessary to do so, and the surplus of gas le^t after 
beating the ovens is‘rarely made use of. On the other hand, 
Che time seems to nave come when the matter should be smarted 
from the other etjd; that is, the gast works should produce 
metallurgical coke and by-prbducts, and,use the rich gas r 
for illumination and the poor gks for heaMng the ovens, eta 
The Simon-Carv6s Company estimates the» capital cost .for this 
purpose ft ^£'120 per lon ot coal, including everything from the 
coal brought te the ovens lo the outturn of the* coke, tar, 
sulphate vf ammonia, and benzol. , For a smaller installatioil'. 
at a gas-wqrks it is safe to allow, ;£,i 50 per ton of coal carbonized j 
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per diem, and another £20 for purifying and measi/ring the 
gas, and for duplicate hydraulic mains'and valves for separating 
the rich and poor gas. This £170 has to be cc/mpared to 
the corresponding- items in ordinary ga*-works=4fe'300. The 
difference in favour af coke-ovens is £1^0 per diem = i3s. per 
ton per arinum of 200 days. Allowing interest at the rate of 
5 per cent., the interest charges for coke-oven plant would be 
7s. 8d. per to® of coal carbonized less than for coal-gas 
manufacture. The products would be: 10,500 cub. ft. of gas, 
of which 4000 cub. ft. is available for sale, of an illuminating 
power certainly not below 16 candles; 8 gall, of tar, rather 
inferior in quality to that from gas-i^orks; 25 lb» sulphate of 
ammonia, and ij gall, of benzol, extracted from the gas 
used for heating the ovens. 

The working costs (assuming them over 33 per cent, in 
excess of what is stated by a competent authority) are is. 8d. 
per to;i of coke. Repairs and depreciation, allowing 7j per 
cent, on the total cost, on the basis of 200 working days, 
amount to is. 3d. per ton of coal carbonized, which compares 
with 2s. 3d. for coal-gas plant. If operating wages are taken 
at IS. 8d. per ton of coke, equi^lent with is. 2 d. per ton of 
coal, the total charges for wages, repairs, and .depreciation 
amount to 2s. jd. per ton of coal carbonized. 

On this basis the following comparison is made between the 
results of existing gas-works and those to be anticipated from 
the installation, of coke-oveits. Two such tables are given, 
one for the Newcastle-on-Tyne gas-works, the other for the" 
South Metropolitan gas-works, on published data, takftig the 
price of metallurgicll coke at* i6s. 8d. at Newcastle, and 20s. 
in Lopdon. 


Newcastle-on-Tyne, 1905.* 

• • 

Cost per ton of Coal carbonized at Gas-works ;— 


• S. D. 

Coal. . •. 8 6'2 i * 

Wagfs ... 2 5-40 

Purifying . . , . 0 8-20 

Maintenance . . 2 o- 5 i 
Salaries . . . (^ 4.20 

* 1*4 #62 


0 

9 . D. 

Coke, less labour . 4 4-98 
*Tar . . *. , . o 9-47 

Aninjoniom sulphate i 6-75 
• ro,ofc cub. ft. of gas, * 

at 8A per lodb . ,7 3-4: 


14 06: 
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At Coke-oven plant; — 



• 

8. . D. ^ 

B. 

D. 

Coal .... 

8 6-21 Gas, 4000 cub. ft. at 



PurifyingVoo cub. ft. 

0 3-00 8d. . . . 

2 

8-00 

Salaries \ 

* 0 4-20 Tar, 8 gall, at id. . 

0 

8'00 

Wages, incl. purify¬ 

Ammoniumsulphate, 



ing, etc. 

I 2-00 25 lb. at £i2, less 

• 


Repairs and depreci¬ 

cost of materials . 

2 

I-00 

ation 

I 3.00 Benzol, i^ gall, at gd. 

I 

1-50 


Coke, 14 cwt. at'iod. 

II 

8-00 


II 6-41 

_ 

_ _ 



18 

2-50 



II 

6-41 



T 

8-09 

Ciedit, less interest charges 

0 

7'So 

Additional profit per ton of coal carbonized 

y 

3-89 

South Metropolitan Gas Company. 




S. 1». 

H. 

D, 

Coal 

II 0*12 Coke,/«j labour 

5 

3-85 

Wages 

2 0-58 Tar .... 

1 

2'38 

Purifying 

0 8*67 Ammonia 

2 

*0.79 

Maintenance . 

3 4*19 10,733 cub. ft. of gas 



Salaries » #• 

0 479 atio|d.pcrloooft. 

8 

Ji -33 


17 6.35 ^ 

17 

6;35 

a 

Coke-oven plant 




B. X>. r 

B. 

D. 

Coal .... 

11 0*12 Gas, 4000 ft.^at io|d. 

3 

5‘00 

Purifying 40CX) ft. . 

0 3*fO Tar, 8 gall, at id. . 

0 

8*00 

Salaries . « . 

0 47^ Ammonia 

2 

I-00 

Wages (as above) . 

i 2*00 ^Benzol . . 

I 

i-So 

Rep?irs and depreci- 

Coke, 14 cwt. at is.. 

14 

0-00 

atV>n » 

I 3*00 

— 

— 


— 

zr 

3*50 


14 I-Ol * 

14 

1*01 



— 

---- 0 



7 

*•49 ■ 


t / "■ 

Credit, Ifjj interest charges . . . , , o 7-80 

Additional plofit per ton of coal carbonized . * 7 10.29 

t t ' BsaJUu 


On discussing the question vvhether'it would be profitable' 
to reserve for sale the whole of oven ^as, and employing 
producer gas foik raising the necessary heat, it is shown in th? 
paper, on the hand of figures, that no financial gain can be 
expected'beyond that sbo^by ovens of the type ip ordinary 
use, but a midSle course might be adopted, about which we . 
must refer to the original, as no exptrieneb exists/or guidance^ 
“up to the pfeSent. \ 
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Not all the recent public utterances^ are in favoi.'r of sub¬ 
stituting coke-orens for the gas-retfirts. Thus Bury (/. Gas 
Lighting, 1907, p. 962) estimates the surplus gas available from 
good coke-ovens • at only one-third of* the whci^e. Schlicht 
{ibid., p. 974) consMecs the question, which pays better—a 
gas-workaof the old type, or a system of coke-ovens of the most 
recent type—as not yet decided. 

Herbst mentions the case of the gas-works at Boston, where 
the gas passing over during the first half of the carbonating- 
process (44-5 per cent.) is used for illuminating purposes, that of 
the second half (50-5 per cent.) for heating the ovens. A similar 
fractionation has been practised at'Mulheim and at Essen. 
Several places in Germany receive such gases from a 
considerable distance, as Homberg, Essen, Mulheim. 

. Schreiber {Entw. d. Kokereiindustrie Niederschlesicns, 1911, 
p. 51) also strongly recommends the recovery of illuminating gas 
from by-product coke-ovens. 


Statistics on the Recovery of Tar and Ammonia from Coke-ovens. 

We shall in the first instance quote the figures given by 
Haarman {he. cit., pp. 7 et seg.)nn the total production of coke, 
some of them rounded off to entire millions, fje states the 
productions foi'the years 1900 to 1902 as follows;— 



19OQ, 

leoi. 

1902 . 

• 

Germany .... 
Great Britain . •. 

Belgium. 

cRussia .... 
Francg .... 
Austria-Hungary . . 

Spain i 

Sweden • • • 

Denmark . . . * . 

Italy ... . . . 

Tons. 

r 4 i 953.947 
10,000,000 
*,434.478 
*,350,000 
*,*89,10* 
1,338,000 
350,370 
9,005 
16,500 
' *6,000 

• 

Tons. 

14,839,357. 

9,5co,ooo . 
I 885,000 

1 , 993,000 

1,850,000 

iB 3 *,o» 

455,486 , 

60,000 

16,500 

36,000 

Tans. 

14.004,398 

io,odb,ooo 

*,048,070 

2,000,000 

1,850,000 

1,300,000 

404,503 

6o;eoo 

18,800 

28,000 

» 

Total for Europe . * , 

United States . . 

Canada . 

33,568,60* 

30,000" 

126,*! 3 
17,701.713. 
157,134* 

30,957,443 
85,686 
1*8,88* 
•19,696,206 
. 379,600, 

31.713,771 

. 70,000 
i*6,8>i • 

*8,039,367 

• 34 *. 39 * . 

Total for the world . 

' f 

^1,581,66* 

.A,...*_ 

51,247,811 

• % 

^ 55 . 39 M 02 
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We rfow come to the coke-ovens built on the recovery plan. 
In Germany up to 1890 niost ovens were still built on the open 
plan. Between 1891 and 1895, already 30 per cent, of the newly 
erected overi,) were on Che recovery plan; between 1896 and 1900, 
62 percent,; from 1901 to 1903, upwards pfyj per cent.; and since 
1904 no open ovens whatever have been built. In 1904 there 
were in Germany altogether 19,309 coke-ovens, of which 9110, 
or 47'2 per cent., were on the recovery plan, but these produce 
much more coke than the open ovens; in that year about 
9,750,000 tons of coke (=57-4 per cent.) were made in the 
recovery ovens, against 7,280,000 tons (=42-6 per cent.) in open 
ovens. 

In 1904 the quantity of tar produced in German coke-works 
was 276,805 tons, that of the gas-works only about 225,000 tons 
—that is, considerably less. The importation of tar from foreign 
countries was 40,641 tons; the exportation from Germany, 
32,872 tons. The importation also comprised considerable 
quantities of tar-products, viz., light oils, heavy oils, carbolic 
acid, naphthalene (12444 tons), anthracene (1230 tons), and 
pitch, mostly from Great Britain. 

The quantity of ammonia turned out by the German 
coke-ovens, calculated as sulphate, amounted to— 

71,118 tons in 1902 

80,979 » 1903 

100,212 „ 1904 

(More about this in Part II.). 

In the west 6f Germany in 1904, a number of coal companies 
combined to erect a tar distillery for treating their coke-oven 
tar, under the style of Gesellschaft fiir Teerverwertiyig, at 
Meiderich, near iluhrort. This enormous factory was begun 
in May 1905, and started work in February^ 1906. -.Already, in 
”1906, 96,000 tons of tar were distilled; in 1907, 129.400 tons; 
in 1908,160,000 tons were treated. Apart,from the tar, con- 
siderable quantities of light oils fcrude benzol) were treated, as 
they are recovered from the coking-gas by washing with heavy 
oils‘(pp. 70 and 155);' in‘i90A 10,000 tons'of‘commercial benzol 

- were got from this source. 'Of pure naphthalene, sofidifying at 
< 79°-6 Q., 5000 tons were'made, also j large quantity of 40 per 

- cent anthracene. The distiUat<oit takes place in intermittently 
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working stills like those shown in Chapter V. The yields 
are, from lOO tar: 58 pitch, 30 heaVy oils of specific gravity 
above 10, 0 7 crude benzol, 5 pure naphthalene, 0-55 pure 
40 per cent, anthracene, O'OS pyridmes fcr denaturing alcohol, 
0-4 phenols calculated, as pure phenol. The percentage of 
water in the tar worked averaged 4 per cent, (communicated to 
the author by the manager Dr Spilker). 

The yield »f tar per cent, of the coal must needs be smaller 
in by-product coke-ovens than in gas-works, since the latter 
work a more strongly bituminous coal. Westphalian coking, 
coal yields from 1-3 to 4, average 2-26 per cent.; Saar coal, 
3-9 to 4 per cent.; Silesian coal still itiore. • 

Haarmann (/. Gasbeleuckt., 1906, p. 753) describes in detail 
the industry of by-products from coal, more especially in 
Germany. The development of this can be best seen from 
the figures showing the number of coke-ovens built by the 
firm gf C. Otto & Co., of DahlhauseOj which is quite at the 
head in this line. They erected :— 





Ovens wftliuat * 

With recovery 




recovery of 

of 




^ l)y-pTDdncts. 

by*product9. 

In 

1881 

to 1885 . 

2144 

350 


CO 

00 

j, 1890 . 

. . 1886 

84s 

» 

1891 

,, 1895 • 

1371 

913 

}) 

1895 

„ fgoo . 

. . 1206 

1981 

» 

1900 

1903 • 

638 

1940 


1904 

„ 1905 . 

• 

. • . * none 

1809 




7 ^ 

, ■ • 

00 1 

1 

CO 1 

1 


Wf can see how the by-product ovens gradually came to the 
front, until in ^he last period they have Ibecdhie 'the only type 
adopted by .the industry, for new erections. • 

At the end of I 9 ® 4 ) 47'2 per cent, of the coke-ovens in 
Germany were on, the by-prodlict recovery system. Since the 
output of these is^bout 50 per cent, higher,than that of the 
open_ ovens, we maj» take it that of the 17 million tdns of {okg 
■ produced in Germ&ny in 1904,9f mfllibns* = S7-4 per eent., were 
'* made in recovery ovens, and millions,*=42-6 per cent., in open 
'ovens. 

The follotving figures are.taken fron^the-officiaHstatistics of 
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the German coke indiistry, published in No. 174 of the Nachr. 
f Handel'u. " 


Number of coke-ovens in— 
Rhinebnd-Westphalia 
The Saar district . , 

Lower Silesia . 

Upper Silesia . 
Saxony-Thuringia . 
c 

Altogether. 

Average number of ovens actu¬ 
ally at work 

Out of work . . . . 


Becovering 

by*pro(lucU. 

Not 

recovering. 

Recovering , 
by-products. 

Not 

recovering. 

13.785 

750 

3,244 

5,365 

1,363 

160 

18 

207 

c 

14,932 

897 

790 

2,264 

5,190 

1,258 

160 

18 

' 195 

17,561 

7,113 

18,883 

6,821 

15,416 

4.490 

16,333 

4,602 

2,145 

2,623 

2,550 

2,219 


Quantity of coal coked- 
German . 

Foreign . 

I Altogether. 


31,713^30 

266,577 

3i4979»597 


34r558>696 

248,436 

34,807,132 


Annual production in— 
Rhineland-W estphalia 
The Saar district 
Lo^er Silesia . 

Upf cr Silesi^ V 
Saxony-Thuringia . 

Altogether. 


Annual production in— 

R hinelaod- W estphalia 
The Saffr district 
*Lower Silesia . . * 

Upper • 

. Saxony-Thuringia . 

'’Altogether. r 


Tons. Tons. Tons. Tom. 

I9,e‘4.8,58l» 31,635,180 562,929 630,465 

1,440,748 1.513.835 3f-.93i 4i>i95 

836,715 851,451 26.154 37,638 

1,594408 1,640,152 118,837 .133,319 

66,1^ 65.41? - 

33,586,612 25,706,050 746,821 82^2,617' 

BonzoU. Bnipl] Ammonia. 


1809 . 

iflirt 

laoo. 

1910 . 

Toni. * 
4 V 49 
S, 74 » 

, 4,448 

10,129 

Tmb. 

64,877 

4,440 . 
5 , 008 . ' 
12,889 

c. Tons. 

237.950 

8,935 

. 8,236 

35,824 , 

Tons. 
268,318 
. 9,948 
8,666 
26,263 

59,568 

• 87 , 214 * 

280,945 

V 

313,195 
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The recovery of by-products in- the manufacture of coke has 
taken itswidest*extension in the Dortmund district (Rhineland). 
According to the official reports (as found in the Chemische 
Industrie) there was produced in that district as by-products 
from coke-ovens:— • . 


■■■■___ 

1910 . 

1011. 

1912 . 

1013 . 

• 

Ammonium sulphate 
Ammonium nitrate. 

Tar. 

Tar-pitch .... 

Anthracene oil . • • 
Creosote oil . 

Oil for lighting purposes 
Washing-oil . . . • 

Crude naphthalene 

Anthracene . . . 

Crude benzol.... 
90 per cent, purified benzol 
Pareiienzol .... 
Crude toluol. 

Purified toluol 

Pure toluol . . . • 

Crude xylol . . • • 

Solvent naphtha, crude . 

„ ^ „ purified . 

Illuminating gas ,. 

Tons. 

210,223 

1,231 

515*272 

68,880 . 
20,570 
17,264 
12,838 
i,8to 
7*954 
2,382 
28,050 
27,087 

2,584 

794 

1,483 
867 
... • 

Cubic metres. 

43,105,249 

Tons. 

236,220 

1.495 

569,862 

90,860 

97,296 

21,509 

18,035 

2,320 

9.855 

2,403 

36,581 

30.913 

2,302 

1,056 

1,536 • 

1,572 

Cal^c metres. 

84,594.853 

Tons. 

, 280,060 
1,488 
699,111 
110,876 

3 ', 44*4 

24,579 

25,855 

4,366 

13,864 

3,354 

35,024 

45,573 

2.585 

3,910 

1,927 

1,933 

6,437 

Cubic metres. 
i 62 , 6 i |,953 

Tons. 

337.490 
1,347 
686,104 
134,661 
29.887 
22,845 
23.333 

15,203 

12,823 

3,404 

31,273 

81,776 

1,593 

2,115 

5,452 

1.130 
1,981 
2,437 
9,520 

Cubic metres. 

137,954,840 


The following figures on the coke 
Kingdom are taken from /. Soc. Chem. 

Production of blast furnace and gas-works 
cdke . 

Coking coal consumed . . . „ 

Nuijiber of coke-ovens I jjgejjjye 
in operation. . / 

„ . * „ Coppde . 

„ ’ „ • Simon-Carvfes 

„ „ * Otto-Hilgenstock 

„ Semet-Selvay 

„ „ * Koppefs ^ 

. „ „ • Simplex . 

„ • 

„ • „ Other types 


indusjry in 
Ind., 1907, p 

1005 . 

• 18,037,98 5' 

33.452,943 

. 2J,3I4 

* * 2,233 

726 

503 

470 

72 

*78 

• 52 

2.412 


Returns made by’ 25? coking plants Show that 
recovered tlieir by-products^ • 


the United 
1230. 

* 1900 . 

I9,*296,256 

35,402,677 

23,454 

2,308 

808 

768 

*670 

108 

78 

' 52 * 

1,482 

51*81 these 
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The number of new by-product ovens in course of 
constructien in 1906 whs: 320 Semet-Solvay, 15 Otto- 
Hilgenstock. 

In Belgium in 1^5, according to Haarman, as much as 
80 per cent, of the coke was made in by-product ovens; in 
France, much less; in Great Britain (in 1903), 10 percent.; in 
the United States, 7-5 per cent. 

In the United States in 1901 the total quantity of coke 
produced was 21,495,883 tons, of which only 1,179,900 tons 
were made in 1165 by-product ovens {Iron Age, 24th July 
1902). 

In 1905 there were in" the United States 2380 by-product 
ovens on the Otto-Hoffman system, and 1255 on the Semet- 
Solvay sy.stem {Min. Ind., xiv., 350). The production in the 
United States of coal-tar was, from gas-works, 41,726,970 
gall.; from coke-ovens, 25,771,115 gall. (Atwati in /. Amer. 
Chem. Soc., 28, 1240). ■ 

The by-product coke-ovens in the United States produced 
in 1905, 26,223,323 gall, of coal-tar, 14,083 tons sulphate of 
ammonia, 4,294,468 gall, ammoniacal liquor, and 4463 millions 
cub. ft. of surplus gas. • 

The follpwing figures are given in the United States 


Geological Survey for 1907, 

pp. 77ietseq.. 

(• 





1905. 

1900. 

Total production ofcoke in the 

U.S., short tons 

32,231,129 

36,401,217 

Of these, were produced in by- 

•product 




ovpns .... 

• • 


3.462,348 

4,588,127 

N umber of by-prdduct iMU 

IMS. 

IfiOS. 

IMtl 1905. 

1900. 

ovens working. 1165 

1663 

2061 

30 i '5 3'59 

3603 . 

. Do. in construction 1533 

. ' 

1346 

1335 

822 417 

, II2 


' Beehive ovens in oprfratibn in 1903: 75i232! building . 1 4940 

New^eehive ovens completed in 1906 . . 5^93 

... „ in course of construction, 1906 . . . 44°? 

, ” *• • 


Of the 3603 repovery coke-pveils existing in 1906,1295 were 
0/ the SenSet-Solvay type, 1890 Otto-Hoffftian, 362 Roth^py, 
56 Newtoit-Chambers*(thfest yere not workiiig). In^ course of 
constructipn: 112 OttotHoffman oveqs, pone of the other 
types. “In' 1907, 1006 retort ovens were- to be built at Gary, 
■Jhd., in conhection' wit)i new steelworks. 
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General Remains. • 

For a long time the iron-makers considered the by-product 
coke as less valuable for their purposes <than that from open 
ovens, but this prejudice seems to have ceased now, at least 
in Germapy. 

The general spreading of the by-product coke-ovens is, of 
course, kept b^ck by the considerably higher expenses of the 
plant, and the much greater requirements to be made of the 
supervision and the skill of the men, in comparison with the 
open ovens, in some cases also by the difficulty of disposing 
of the by-products at remunerative prices. Tbis makes it 
intelligible, that even in Germany until recently new col^e- 
works have been erected on the old, open plan, since there 
seemed to be no chance of deriving a sufficient revenue for the 
much higher capital required for a recovery plant. 

’ C. Tar {and Ammonia) from Gas-producers. 

Since it had .been proved that the process of coking coal can 
be performed to advantage in connection witffi the recovery of tar 
and ammonia, it was a very natiyal idea to extend this recovery 
to the gas from “ gas-producers ” or “ generators.” ^ Attempts to 
solve this probtem have been made in various quarters, but we 
shall here mention only the process of Sutherland and Mond. 

Sutherland (B. P. 3891, 1883) adds to the coal a substance 
capable of evolving hydrogert, and at the same time giving out 
an acid. He ’prefers for this purpo.se a solution of calcium 
chloride. Supesheated steam is also Employed, by combining 
two gas-producei j \^ith a continuous superheater and a steam- 
supply, the heated gas from one of the producers doing the 
superheatingjpvork ; the hot steam, passing^ttirough .the second 
prodiicer,*<;auses therein an action between the carbon tof the 
fuel and the steam, »whereby “ water-gas ” is produced. The 
gases are passed |hrough suitable apparatus for separating the 
tar and ammoniadal productl. The details of the producer and 
superheating apparatus cannot be given here. 

An examination of the tar from Sutfierland’s gas-producen 
has been made by Watson Smith (y. Soc. Chem. Ind., 1884 
pp. 9 and 64). Its fipe^ific gravity is i-o8; it is* mere like 
ordinary gafe-retort tar than Jajneson coke-oven qriilast-furnaci 
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tar, but it has a different smell. By distillation there was 
obtained'from it:— ■■ •' 

Below 230° . . . . ;-44percent.byvQl. oilofsp.gr. 0-956 

From 230° to 300°. . . lo-io . „ „ „ 0-996 

From 300° till oils solidified 14-48 *’ „ „ 0-990 

Oils solidifying on cooling . 10-40 „ „ ,V 0-996 

Coke.30-50 per cent, by weight. 

Loss and water . . . 32-60 „ „ „ 

On redistilling the first three fractions there was obtained:— 

Below i 5 o° .... 

A. 160° to 310° . . -. 

B. 210° to 220° . 

C. 220° to 230° . 

300° till oils begin to solidify 
Soft paraffin scale 

The oils ABC were light yellow, but darkened on stajiding. 
There was some phenol present, but no carbolic acid could be 
separated out. Naphthalene and anthracene were absent; of 
benzene, but little, ff any, was present. Of paraffin,6-7 per cent, 
on the tar could be separated., 

The Sutherland-producer tar is thus seen to be entirely 
different from gas-tar, and is very similar to the Jameson-oven 
tar, but more impure than this. It is so-thick that it can 
hardly be employed directly for creosoting without redistilling, , 
Several patents have been bbtai'.icd by L. Mond for separating 
Aa.r and ammonia from producer-ga.s, but as the principal stress 
is here-evidently laid on the recovery of the ammonia,-and the 
quality of the tar is not likely to be essentially different from 
that of the Sutherland-producer tar (a low temperature .being 
expressly insisted' upon), we shall treat of that process only 
in Part II. ' , - - 

It should be noted that, apart from the patents actually 
taken out, attempts have been' made in various quarters to 
recover by-products from produter-gases, but none of them 
with any. financial success. 'The examination of a prsducer- 
tar (hot derived from Sutherland’s producers, but from another 
source), according to a>'private communication made to me, 
.has shewn that it contained a comparatively large quantity of 
anthracene, ^-hjit unfortun&tely (.at, the same time so much 


0*16 per cent, by vol. on tar of oil. 

0‘90 n « ti 

2'04 »» j) )) 

M « » 

^ 9 ^ » j> » 
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paraffin that it would be impossible on a manufacturing scale 
to oxidize the anthracene to anthriqui'none; while, on the 
other hand, the paraffin obstinately retained some anthracene 
in spite of all purifying processes—the'two substances thus 
mutually destroying thejr valUe. 

As far as tar is concerned (not to speak of ammonia in this 
connection), it is clear that it would be entirely hopeless to 
seel#for it in the producer-gases obtained from coke, anthracite, 
or very little bituminous coal. But precisely these are otherwise 
the best material for making producer-gas; bituminous coal 
causes difficulties in gas-producers just on account of the tar 
stopping up the outlets, pipes, etc. In any case, ii is doubtful 
whether it will ever pay to con.struct the producers in a 
suitable manner, and to provide them with cooling and washing 
plant, and to undergo the loss of heat in these operations, merely 
to get some tar from bituminous coal. With ammonia the 
proble^n is different, as proved by the success of the Mond gas- 
producer, of which we shall treat in the part of this book 
devoted to ammonia. 

A. Moore and the Dowson and Masin Gas Plant Co, 
(B. P. 2650, 1914) recover tar iind ammoniacal liquor from 
producer-gas by cooling it down to 38° to 71° in an air-cooled 
condenser, passing it through a tar-extractor and a second 
air-cooled condenser at a higher level. The tar and liquor from 
the extractor and second condenser flow back through the first 
condenser in the reverse dirtctiofi to the hot gas, whereby the 
tar is dehydrated. The tar and ammoniacal liquor are separated 
by decantation, and the latter is passefl first •through •a heat 
exchanger, where it" heats th6 water for the producer-jacket, 
and then through a scrubber in the reverse direction to the 
.gas from the jecond condenser, A strong Efrnmoniacal liquor 
is thus oblained. 

D. Tar {and^Aininoniaj*from Blast-furnace Gases. 

The? great majority of blast-furnaces are fed witl>coke, and 
it is evident that* we cannot exgeet ^o recover either tar or 
ammonia from the waste gases of such furna»ces. But it is 
otherwise with furnaces ,fed with raw coal, in the 

upper part 'of the furnace tnay be ^ said to. aonstitute a 
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coking-chamber. Such an instance occurs in the West of 
Scotlandfwhere there arte vast beds of coal, known as “splint- 
coal.”’ This coal is admirably adapted for direct use in 
blast-furnaces, since‘certain varieties of it • agglomerate very 
little during coking and do not decrepitate. Scotch splint-coals 
contain on the average 40 per cent, of volatile mattev, of which 
28 to 35 go to form tar, gas, etc., and they yield on the average 
50 to 55 per cent, of fixed carbon. If the average amount of 
nitrogen they contain (1-35 per cent.) were all evolved as 
ammonia, this would correspond to 142I lb. of pure sulphate per 
ton (6-36 per cent.); but in blast-furnace practice only from 
17 to 20 per,cent. of the nitrogen of the coal is converted into 
ammonia. As early as 1845 Bunsen and Playfair recommended 
the recovery of such ammonia from blast-furnace gases, and 
calculated that the Alfreton furnace would yield 9J kg. per ton. 
W. Jones makes the following calculation for the Scotch blast¬ 
furnaces:—Each ton of coal may be Said to yield, cOn an 
average, 16 per cent, of its nitrogen as ammonia, that is, equal 
to 22-8 lb. of ammonium sulphate, and from 120 to 220 lb. of 
tar, partly in the'form of vapour at the temperature of the 
escaping gases, partly in the state of suspension. These 
sub.stances, along with a very considerable amount of dust 
(which must begot rid of before tar and ammonia are condensed), 
are contained in a volume of gas corresponding to 125,000 cub. 
ft. at i5°-5 ; but as the actual temperature varies from 204° to 
343°, the gas will at, say, 260° C.''occupy over 230,000 cub. ft., 
r increased by 300 to 400 lb. of water per ton of coal in the form 
of vapour. Xhls is thirteen times the volume of gas per ton of 
coal compared with that obtained in ‘ the manufacture .of 
, illuminating gas in ordinary fireclay retorts. , 

From this endrmous volume of gas issuing out of the blast¬ 
furnace throat, the far and ammon(^ are to ba condensed. 
For this purpose, it ie best, according to texperience, to maintain 
an outward pressure on the gaS A suction.or inward pressure 
may not only lead to disastrous'explosion^, but it very much 
reduces tte yiel^ of ammonia, owing to tht^entrance oPair and 
Ahe‘consequent combustioH of the ammonia. The tar in the 
gas is scrtibbad out with great difficulty, on account of its 

' t\^.'jo‘nes, Arw. /fv» and Sieel JnstfiSSs •']. Soc. CJum. Ind., i88jj 
_p. 737, whereteaalyses.of sjich coal are given. ' 
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■ peculiar physical condition and its state of suspension in such a 
.large volume of gas. No amount of cfioling and washing is so 
effective as some form of violent mechanical action, such as 
dashing with water «r otherwise. * 

If the whole of the«ga,pes oT the furnaces at present in blast 
in Scotland.were to be treated for the recovery of ammonia, the 
turn-out of ammonium sulphate would already in 18S5 have been 
some 18,000 tops per annum, equal to 22 per cent, of the 
production of Great Britain at that time. 

The different methods for recovering volatile products from 
blast-furnaces may be grouped as follows:— 

* • 

(I.) Methods depending on the condensation or cooling of 
the gas. 

(a) Alexander and M'Cosh process, as practised at the 
Gartsherrie Iron-works. 

(i),Dempster process (B. P. 11250, 1884). 

(f) Henderson process. 

• 

(II.) Methods depending upon the use of*acids, without the 
cooling of the gas.' ^ 

(а) Neilson’s process, or Summerlee method (B. P. 440, 

i 882>. 

( б ) Addie’s process, or Langloan method (B. P. 4758,1882). 

(f) Chapman’s process (B. P. 6406, 1884). 

{d) Main and Galbraith’s proc&s (B. P. 10448, 1884). 

■ 

Most,of these, processes principally, or ev«n exclusively, 
tend to the recovery "of the ammonia only, and will therefore 
be’mentioned in Part II.; in this place we shall describe the 
principal procejs by which tar or oil can Slso be obtained from 
blast-fprna<?qs. ' ’ , 

The Gartsherrie'process (Alexander and M'Cosh’s patents, 
B. Ps. 4117, of 1879,;, 1433, of i8bo; 3785, of 1881) is illustrated 
by Figs. 28 and *9. The gases pass from the furnace by 
the mai« pipe G, thsough pipes /, the number of which is in 
propohion to the temperature and anio«nt“o{ the gasei into\he 
Coolers K, consisting of series of upright tubes, fonribeted with 
each other alternately .atoye and below, so that the gasa* take' 
.the course indicated by the prrpws. Cooling tal^pi place by 
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the large surface exposed by the pipes to the air. The 
pipe which connects the lower ends of these-tubes also serves 
to collect condensed liquids, tar, and ammonia water; these 



Fic. tg. 


are not permitted to rise to such a height as to obstruct the 
•passage t>f the gas, but are drawn,pff-bj' the overflow-pipe u 
to the taiA. T. The^whole, tss we see, is practiially a copy oi 










































TAB FEOM BLAST-FURNACE-GASES 173 


the ordinary air-condenser employed at gas-works. The gases 
pass through s i»to the washing-towdrs or scrubbers* W, pro¬ 
vided with perforated shelves of wood or metal, leaving alter¬ 
nately an open passage on one side or the dther of the scrubber. 

A stream of water tritklps from w down these shelves ; the t^r ' 
and ammoiia, which have escaped condensation in K, are here 
condensed partly by the action of the water spread over a large 
surface, and partly by the continuous impact again.st the shelves, 
and pass down from W into T and S. The aqueous liquid which 
collects in S is pumped by P to the top of the towers, and used 
repeatedly, until sufficiently enriched with ammonia. The 
cooled and washed gases proceed by*2r to the secmid main G^, 
to be utilized as required. If it be desired simply to eliminate 
flue-dust, the towers are unnecessary; but it is advisable in such 
a case to moisten the gases before they enter the coolers. A 
special apparatus for this purpose has been described by Belani.' 

I. Alexander has also constructed cooling and washing chambers 
of very great efSciency,® offering an extremely large area of 
water-cooled and air-cooled surface. 

New patents for this purpose have been taken out by Mackay 
(No. 14060, 1889), the Coltness Iron Co. (No. 17673, 1889), and 
Imray (No. 10589^ 1891). 

The utilization 0/blast-furnace gases in Scotland is described 
in detail in the Transactions of the Institution of Engineers and 
Shipbuilders in Scotland for 1896, part 25, from which the fol¬ 
lowing notes are^taken ;—A plint for treating the gases from four 
blast-furnaces has to deal with upwards of 35 millions of cubic* 
feet per*24 hours. The collecting-pipe, is 7 ft! 6 in. wide, and 
is,connected with several exhausters. The pipes are lined with 
firebricks, and first lead to a tar-washer, a square box with a 
sloping bottoiB, divided by partitions into^Several chambers. 
The partitions are nicke(i out at the bottom, where they dip into 
the tar and compel the’gases to find their way through this in a 
multitude of small,3treams. This promotes an intimate corftact 
between the tar ahd the gas, the complete separation of the 
particlA of tar susgSnded in the gas, and,^in consequence of the^ 
high temperature,*the dehydration of ftie tar. 

The gases leave thif apparatus at *a temperature of about 

* Dingl.poht, /,, vok cliv.,c). 257; J. Sec. Chtm, Ind., i8E5, p. 218. 

* iiid. * 
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55° C., and enter the “condenser,” consisting of eight sets of 
eighteen'pipes each, '50 ft. high and 18 in. wide. The gases are 
made to circulate up and down, and leave the last pipes with a 
temperature of 22°. > During'hot weather the upper parts of the 
pipes are cooled by sprinkling water upon them. The tar and 
ammonia condensed here are separated by lying vndisturbed 
in a “ separator.” The gases now pass another “ washer,” 60 ft. 
long, 12 ft. wide, and 7 ft. high, fed with ammoniacal liquor, 
which is here made sufficiently strong for working up into 
sulphate of ammonia, and the tar condensed is used in the “ tar- 
water ” previously mentioned. Behind this are fixed the three 
exhausters, /^ach with a oapacity of nearly a million cubic feet of 
gas per hour and provided with pressure-gauges. The gas, after 
passing the exhausters, is lastly forced through another washer, 
fed with water and intended to retain the remaining ammonia 
and tar; the liquors condensed here are used for feeding the 
preceding washers. The purified gas then passes on, to the 
steam-boilers and the heating-stoves for the blast, where it is 
burned. 

The tar is distilled in stills uniformly heated with 
purified gas;, the ammoniq-water is distilled, in column- 
apparatus by means of steam, and the ammonia converted into 
sulphate. 

From each ton of coal fed into the blast-furnaces is obtained 
7 gall, of tar-oil, 86 lb. of tar-pitch, and 25 lb. of sulphate of 
ammonia. The purified ga'S sufTices for raising all the steam 
t requirpd for the blowing-engines, for working part of the 
regenarative , blast-heating stoves, for distilling all. the tar, 
and for evaporating part of thfe washings from the ammonia- 
stills, ' - 

At a meeting* of 1:he Iron and Steel Institute, held 5th and 
6th ^ay 1898, Riley‘reported that on an average from i Jon of 
coal 130,000 cub. ft. of gas is obtained; the by-products represent 
20 per cent, of the price of the foal. The g^s (as confirmed by 
Mond) is perfectly well adapted* for gas-nintors, which are in 
constant use lip' to 250 h.p.,''with a saving of'45 per‘cent, as 
‘'conlpare 4 with the* coal burnt under sttam-boilers. The 
cost of pl^nt if considerable, but it is quickly repaid by the 
. profits,- '* 

In 189* Jhere.were 77 bla^t-furnaces in' ScoUand {Alkali 
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Reports, 1891, p. 13), working with coal suitable for the recovery 
of tar and ammonia, 57 of which were provided with recovery- 
plant. Whilst a blast-furnace of average size, including the 
blowing-engines, coet ;f 78 oo, the condensiiSg-plant alone costs 
more than that; the 57 plants in question have cost £^^,600. 
In England three blast-furnaces are provided' with recovery- 
plant, at a cost of 12,000 per oven. 

The followirg process described in the Zeitschr. f. Berg-, 
Hiitten- und Salinemvesen, 1895, p. 172, as being employed at 
an English iron-works, present some interest. Besides the blast¬ 
furnaces there is a kiln, 15 ft. high, charged with 50 per cent, 
pyrites, which is kept burning by a blast of air. Th* mixture of 
air and sulphur dioxide thus formed is introduced into the 
pipe carrying away the blast-furnace gas, and here sulphate of 
ammonia is formed. The hot gases are now passed through a 
tower filled with shelves over which water is constantly run. 
The liqyor here formed is pumped up again until it is sufficiently 
strong, and ultimately the solution of sulphate of ammonia is 
separated from the tar by settling. 

A paper by R. Hamilton in the Journhl of the West of 
Scotland Iron and Steel Institute,'^o. 4, January 1902 {Stahl ti. 
Eisctt, 1902, p. 509), reports on the present state of the recovery ' 
of by-products fitim the Scotch blast-furnaces. We give a brief 
resutnl of this very interesting paper (which necessarily treats 
of ammonia as well as of tarj. During the twenty years since 
the introduction of this new industry, more progress has been 
' made in erecting new plants and extending those formerly 
built than in further improvements of the '^iwcess. • The 
Ga,rtsherrie process of Alexander and M'Cosh (p. 171), which 
is worlfing since 1881, has proved the simplest means, viz., 
cooling the gasgs and washing with water, suffte for a complete 
recovety ofthe by-prodqcts. At first the tar, whose quality is 
entirely different from that of gas-tar, wa? almost unsaleable; 
later on, certainly, n^es have beeti found for it as well. This led 
to the invention 'of Addie’s “Langloan” ^process, which 
aimed art producing^merely ammoniacal compounds, by bring- ^ 
ing the gas into ctJntact with SOj (froih burning pyrisic shale). 
This process worked from 1884 till 1892, but the difficulties 
:-were too great, and it -wa^ definitely abandoned in favWur of 
thp Dempster* procasS. 



176 PROCESSES FOR OBTAINING fiOAL-TAR 

A similar process was tried but given up again, at the ' 
Summejilee Iron W'6rks. The gases were not cooled, but at 
once brought into contact with sulphuric acid. Main and 
Galbraith’s process;-* which works with hydrochloric acid, as 
well as a process invented by Hamilton himself, where 
ammonium carbonate is produced, have no interest with respect 
to the recovery of tar. Hamilton then quotes a number of 
experiments, bearing on the influence of the rwater contained ■ 
in the ore. This, of course, would influence the yield of 
ammonia much more than that of the tar, but it is felt even 
with respect of the latter. English ores containing much 
water produced much less ammonia from the same coal than 
the Scotch ores, containing less water. But by roasting the 
English ore no improvement in the yield of tar and ammonia 
was effected; the cause of this behaviour of the English ore 
has not yet been cleared up. When the coal was distilled by 
itself, it yielded 214 lb. tar per ton. When mixed with English . 
ore in the same proportion as in the blast-furnace, the yield of 
tar fell to 66'lb., and of the NHj 44 per cent, was lost. Scotch, 
ore acted in a sinlilar way. If in lieu of ore, sand was mixed 
with the coal, 170 lb, of tar, was obtained, which proves that 
the loss of tar and NHj is not attributable to the mere presence 
of foreign solid matter. 

The total quantity of tar recovered -from the gases of 
the Scotch blast-furnaces in 1900 is estimated by Hamilton 
at 120,000 tons (along with 16,5^9 tons sulphate of ammonia). 

N/iilson (B. P. 28508, of 1904) recovers the tar from blast-'- 
furnace gases' by means of a washer, prowded with a wire- 
gauze partition, dipping into 'creosote oil. According to his 
B. P. 28462, of 1908, he facilitates the removal of tar-pitch, 
or other substances suspended in the gas, by previously 
gasEying the creosote oil used as a washiiig agent. The blast, 
furnace gases, thereby purified from tai, are then employed for 
wd'rking gas-motors. *■ 

Hartenstein and Weber in 1809 took oilt the French patent 
No. 273776 for the removal of the waste'substances contained’( 
, in Wst-furnace gases. ' ^ ’ 

Comfosition of Bldst-fumace Tsr.—The tar recovered from 
blastifuriiaces has been repeatedly fjcamhed by Watson Smith ’ 
Soc. CKem. Ind,, 1883, p. 495 y J- Chem. Soc., f886, vol. xljx, , 
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p. 17). Its specific gravity 

was found 

= 0 - 954 - 

Distillation 

yielded :— 

« 

1 

4 


Per cent, by 

Per cent, by 



volame. 

weight. 

ap. gr. 

Below 

. 30*60 

’ 32-3 

1-007 

lOil . •. . . 

2*91 

2-8 

0-899 

230° to 390° .... 

. . 6-97 

7-1 

0-971 

300° until oils solidify . 

. 13-02 

t 3-5 

0-994 

Oils solidifying on cooling (soft 



paraffin scal^) . 

• I 6 - 7 S 

17-3 

0.987 

Coke . . ■. * . 

. 

21-5 


Loss. 

. 

5-5 



The oils were quite transparent,* the lower-fcoiling and 
lighter fractions possessing an amber-yellow colour, the higher¬ 
boiling ones having a colour approaching that of port wine. 
On standing a day or two they all considerably deepened in 
colour, especially the heavier fractions, which possessed a strong 
green fluorescence, 

A further examination of the distillates proved that naphtha¬ 
lene is present in very small quantity; anthracene could not be 
detected, but small quantities of toluene, xyTene, and pseudo¬ 
cumene were isolated. The xyler\p proved to consist principally 
of the meta-isooaer (priv. comm, from Watson Smith). About 
0-54 per cent, of 4 iard paraffin was obtained from tlie tar, and 
a considerable amount of phenols, among them true carbolic 
acid. By successive treatment with caustic soda and sul¬ 
phuric acid, the distillates answerihg to the carbolic oil and 
creosote oil of ’ordinary coal-tar yielded 23-1 per cent, by 
volume of phenols, and 11-09 P®'' cent, by vc^upie of»basic 
substances. ' * 

’This large proportion of phenols, far exceeding what can be 
obtained in a sipiilar manner from ordinarj? gaS-retort coal-tars, 
seems Jo sonje extent to confirpi the theofy of K. E. Sclyilze 
(Liebig’s Annalen, vol.*ccxxvii., p. 143), according to which 
at least a considerable proportion* of the aromatic coal-tar 
hydrocarbons is forifled by the'breaking-up, at higher tempera¬ 
tures, of»first-formed •phenols into the elemenfs of water and 
hydrocarbons. Since blast-furnace tar,*both on account of its 
being form& in the top part of the furnaces and alib^because 
jOf Its chemical and j>hysifal properties, is evidently a* low- 
temperature {iroduot as compared with the tar obtained from 
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gas-retorts and close coke-ovens (Carvfes’, Otto’s, etc.)i it might 
fee supposed'thaft it was an intermediate mixture, and 
to contain, so to speak, the half-way phenol constituents in 
predominating quantity. On the contrary, it contains but a 
small quantity of the lowest phenol (carjbolic acid)^C5H5.0H, 
and cresols, CgH4(CH,).OH, mpch less than gaj-retort tar, 
which would seem to show that Schulze’s theory can hardly 
extend to the formation of benzene itself Thp decomposition 
of the higher-boiling phenols of blast-furnace tars by means 
of hot zinc-dust or hot iron-borings yielded a large quantity 
of xylenes, and proved the original presence of metaxylenol, 
CjH 3(CH3)^OH, in accordance with Schulze’s theory; the still 
higher-boiling fractions, treated in the same way, indicated 
the presence of pseudocumenol, C5H2(CH3)3. OH, and of 
naphthols, C^Hj. OH. Of course other phenols and phenol- 
ethers might also be present. Similar results were obtained 
by Allen with blast-furnace tar. 

In any case, blast-furnace tar is altogether different from 
ordinary gas-retort tar, and cannot be employed for the same 
purposes. It woifld require to be redistilled, and would then 
yield creosoting oils of goqd quality and lubricating oils of 
indifferent quality. 

Uses of 'Blast-furnace Tar .—Allen and Angus (B. P. 11680, 
of 1887) distil blast-furnace tar, extract "those constituents of 
the distillate which are soluble in alkali, and precipitate 
the solution by means of'carlron dioxide, in the shape of 
( furnace-gases. By repeated solution and fractional precipita¬ 
tion, as well as by fractional distillation,„the. products are 
separated. The volatile products are used as disinfectants, 
the heavy products for pickling tirhber. The hydrocarbons 
are worked up ^for ‘paraffin oil, lubricating op, and gas - oil. 
(Th^ patent contkinS nothing which had not been preyiously 
known.) i ' 

'•Blast-furnace creosote oil iscnow largely used, especially in 
Scotland, for pickling timber, for the “lucig«n light ” (which will 
■be described in d subsequent chapter), and as fuel. Thfephenols 
' coritainecj, therein (2^ tOi35 per cent. againsf-S to 10 per cent, in 
heavy gas-car creosote oil) resemble those from woodi-tar, lignite, 
,, or shale all; they are sold as an anLseptip, under the name of 
^‘*T)eosot,” uujd arc said to b^ equal in antiseptic powers to 
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“ liquid carbolic acid,” but with much less corrosive properties 
{Chem. Trade /., 1887, p. 122). This v«as tonfirmed by a new 
investigation by Watson Smith (/. Soc. Ckem. Ind., 1887, p. 
583). The tar from the Gartsherrie bljftt-furnaces is rather 
lighter than water; it.contairfs much paraffins, but anthracene 
could not be discovered, perhaps owing to the presence of the 
paraffins. The quantity of phenols is very large; besides 
phenol proper wf find metacreosol, metaxylenol, pseudocumenol, 
and naphthols. T,^e hydrocarbons found were: toluene, xylene 
(over 70 per cent, metaxylene), pseudocumene, mesitylene, and, 
a little naphthalene; benzene was never found in such tar, but is 
perhaps present in the gases. The basic constituents resemble 
those of coal-tar ; aniline was found among them. 

E, Tar obtained in the Manufacture of Water-gas. 

This manufacture, which is especially flourishing in the 
United»States, is now also carried on to a considerable extent 
in Europe; consequently “water-gas tar” is also coming into 
the market, especially in America. 

Water-gas is obtained by the action of superheated steam 
on white-hot coke or anthracite, \fj the reactions; 

(1) 2H„OfC = 2H„ + CO.,. 

(2) C02 + (?=2C0. 

The mixture of carbon monoxide and ^hydrogen thus 
obtained does not burn with a'lumihous flame, but with a light 
blue flame, which caused that gas to be called “ blue wate»-gas.” 
It can be.employed in that state for heating pflrposes, l»ut for 
lighting purposes it must be “ edrburetted ” by means of volatile 
hydrocarbons. This is usually done by passing the gas, 
together with J:he vaporized hydrocarbons, ’through red-hot 
retorts. In this process if the superheater be not too.hot, 
- about 25 per cent, of •the oil is recovered as tar, which is 
frequently run to .waste . (Douglas, /. Gas Lighting, iS^i, 
p. 1130). ■* * ^ 

The industry of earburetted water-gas was first started in 
the l/nited States? which in their imtnense petroleam fields 
possess an inexhaustible, supply of hydrocarbons adapted to 
■ that purpose, and that indq^try attained a flourishing* stHte in 
the United States already at .a time when not a aihgle plant 
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for it had been erected in Europe,^ Among the various 
processes for manufactifring carburetted water-gas the most 
widely used are those of Lowe, of Dellwik and Fleischer, and 
of Bayenthal (KolAische Maschinenbau - Aktiengesellschaft). 
According to Graefe a few yekrs jg# the production of 
oil-carburetted water-gas in the United States antounted to 
more than 1800 million cubic metres per annum. In Great- 
Britain (/. Gasbeleucht., 1910, p. 295) about 590 million 
cubic metres of carburetted water-gas are produced, mostly 
by the Lowe process, carried out by Humphreys and Glasgow 
in Great Britain, by the United Gas Improvement Co. in the 
United States, and by Julius Pintsch, A. G., in Germany. In 
1910 the number of factories working on that plan was 
altogether 976, with a daily production of nearly 21 million 
cubic metres. 

We cannot in this book describe the water-gas process 
itself, which belongs to the domain of gas industry, but we have 
to speak of the tar obtained therein. 

According to Graefe {loc. cit), the quantity of gas-oil used for 
carburetting one bubic metre of water-gas is 400 to 450 g., 
20 per cent, of which is recovered as tar. Douglas (/. Gas 
Lighting, 1891, p. 1130) puts the yield of tar = 25 per cent. 

This tar contains about 50 per cent, water, with which it 
forms an emulsion not separable by the usual means. Douglas 
has succeeded in separating the oil from the water by heating 
the tar in closed boilers at a pr^sure of 10 atmospheres. He 
!■ thus obtained from 100 parts of crude tar, 50 parts dehydrated 
tar wtth only*I per ,cent, moisture, and 23 parts water, the 
remainder of the watef eviporating ‘ during the process. 
According to Douglas, this dehydrated tar is readily ijaleable, 
but he does not what is done with it. , ^ _ 

According to J. Xjos Lighting, 1975,9. ^*^6 wa^er-gas 

tar is dehydrated at the Amsterdam‘Western Gas-works by 
ceritrifugalling. The first exfferiments were unsuccessful, but 
by working at ^higher temperatures, very* satisfactory results 
were obtained. The difference in spedjjic gravity ‘between 
water-gas tar and watSr increases considefahly with the rise 
of temperature. The‘ centrifugal machine used has a drum ^ 
"evoMng at a high rate of, speed on ..a vertical shaft;'at 
‘ 'Reiait\ J.<jasheleucht., 1887, No. ly ; Graefe, Arfrw/rtfm, 1907, p. 193. 
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the upper part of the interior of the drum is fixed a flat ring, 
’4 in. wide, fitted* so that a small sjmce* is left bettveen the 
inner surface of the drum and the outer circumference of 
. the ring. The tar. travels upwards along’the inner surface of 
the drum to the uppe* surface of the ring, and thence to the tar 
off-take. Jhe water, being lighter, forms a layer at the side of 
the tar, and travelling upwards its passage is barred by the 
ring, so that it js forced along the under side of the ring where 
the water outlet is fixed. The temperature necessary for the 
perfect dehydration of the tar is between 60° and 70°, which is 
obtained by pre-heating the tar in a rectangular tank fitted with 
an outlet pipe for the escape of any gaseous prsducts. The 
heated tar has often a water content of about 60 per cent., 
which is reduced to less than i per cent, in one operation. 
Water-gas tar emulsions containing 80 to 90 per cent, of water 
have been treated in the same apparatus, the working 
temperature being 95° to 100°, no trouble due to evaporation 
being experienced at this temperature. The tar obtained has a 
very low content of “ free carbon,” viz., 0 to 4 per cent., and the 
average calorific value is 17,200 R Th. U. pef lb. The working 
costs of the treatment are partipularly low, and owing to its 
uniform character the tar is used largely as a substitute for 
mineral-oil furf, and commands better prices’than those 
obtained for tar not centrifugally treated. 

A. H. Elliott {Atner. Chem. J., 1884, p. 248) obtained the 
following results with water-gSs taf:— 


Specific gravity, Moo. 

400 c.c. on fractional distillation gelded per cent, by volume;— 

• H water. 

* II., 200 »„ 270 “. . ■ 

, . I oil. 

III., 270* to the formation/ 643 solids. 

■ ,, of pitch . • . .1 26-5 oil. 

, * • / *‘7 semi-solid mass. 

■\ 6-0 oilf 

> 7*-3 


.Fraction I., 80° to 200° 


IV.' 


• * I- 

The solid portion of jraction IL consisted prinlifiaily of ' 
naphthalene,iind contained only*o-82 percent. antbrScene^o-op 



182 PI 10 CES 8 ES FOR OBTAINING COAL-TAR 


per cent, of the weight of tar. From fraction III. 2'33 per cent, 
anthrace'ne of the weight of tar could be obtained. The solid 
portion of this fraction was a greenish-yellow mass, containing 
25-6 per cent, anthracene; the oils contained only 3 per cent 
anthracene. Fraction IV. stilf yielded about 2 per cent 
anthracene, almost equally divided between the> semi-solid- 
portion and the oil. Thus the total percentage of anthracene 
would amount to 2 63 per cent of the tar—that is, from six to 
ten times as much as in coal-tar. 

Nevertheless this tar seems to possess but little value. 
According to a communication from Mr S. B. Boulton, water- 
gas tar, w<iich is frequently mixed with London gas-tar, 
contains so much paraffins that the preparation of anthracene 
from such a mixture is unremunerative, and buyers therefore 
object to getting water-gas tar with coal-gas tar. It is also 
mixed with so much water {50 to 75 per cent.), that it forms an 
emulsion which is difficult to separate even on prolonged 
standing. But Vivian B. Lewes states (/. Gasbeleucht., 1902, 
p. 329) that the introduction of water-gas into coal-gas retorts 
has an influence merely on the quantity, not on the quality of 
the tar. < 

Mathews and Goulden {Gas World, xvi., p. 625) found in 


water-gas carburetted with Russian crude oil 



For cent. 

Benzene . .• • 

. M9 

Toluene 

■ • 3-83 

Light paraffins 

. 8.51 

Solvent naphtha . 

. I7-96 

Phenols . , ‘ . 

,. ' . trace 

Middle oils 

. 29-14 

Creosote oK 

24-26 

NaphthUene . • , 

. ' 1-26 

Anthracene fcrude) 

*. , . 0-^3 

Coke ’. . ■ . 

. 9-8o 

h 

96-90 




' The percentage of anthracene in this case is also very high. 
Dqwns and Dwn * examine’d samples of tar, taken from various 
parts“bf a plant for producing carbiyettetj, water-gas by Lowe’s 

^ ■ ' J.'Jnd, Eng. Chem., 1911, pp. 108 etsej} 

* < 
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process, by means of a spray of gas-oil. Of that oil about 25 
>ercent, remained undecomposed, which’during the‘purifying 
Drocess were partly retained in the tar. The tar from the 
■eceiver and the wood-grate washer is cafled “ deposited tar " ; 
;hat from the water-caol?r, “ cbndensed tar.” Their examination 
vas carried out on four samples: (i) deposited tar (about 
5o,per cent, of the total tar), sp. gr. 1-090; (2) condensed tar, 
ip. gr. I-081; (3) tar from the Pelouze-Audouin tar-separator, 
ip. gr. I-068; and (4) washing-tar from the revolving washer, 
which is provided with a preliminary air-cooler, sp. gr. 7-056 
It I5°-S C. All the samples contained only traces of free 
:arbon, and 0-08 per cent, nitrogen. As is prpved by the 
specific gravities, the percentage of higher and lower boiling 
constituents differs in this way: that the latter increase in 
quantity from the deposited tar to the washing-tar. The 
samples commence boiling below 100°, and yield up to 200° 
from j to 15 per cent.; between 200° to 240°, from 15 to 45 
per cent.; and up to 360°, from 60 to 70 per cent, distillates. 
The lower-boiling fractions are of a faint yellow colour, clear 
and liquid; the naphthalene of the intermediate fractions, 
separating out at the ordinary temperature, possesses a pure 
white colour, and the high-boiling fractions are also much 
less coloured than the corresponding fractions” of ordinary 
coal-tar. The water-gas tar contains on the whole much less 
solid constituents than the coal-tar; these occur only in the 
fractions boiling above 300'^ TBe distillates of the samples 
taken in various places differ more in quantity than i» 
quality.* , 

Downs and Deane later oif (/. /nd. Eng. Chem., vi., p. 366, 
1914) showed, by systematic fractional distillations of water-gas 
tar, that its ^drocarbons are similar to* thdse of coal-tar, but 
the bases, phenols^ ari^i free carbon are absent. It contains 
no paraffins. The difference from coal-tar in the quantity of 
haloids absorbed .points at * different percentage of hon- 
’saturated compoiAds outsiefe the benzene series. Benzene, 
toluentf, xylene, m^Jitylene, naphthalene,^’and anthracene were 
proved to ^e presSnt in varying quantities. The preparation of 
pure' hydrocarbons and pf commerciarproducts.was attained by 
methods similar tew thosg employed for doal-tar, without -any* 
special difficulties'. Water-gasb tar might come .iftto question 
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for supplying benzol and solvent naphtha. Naphthalene could 
be easily obtained I'rorti it, but there is no corresponding 
demand, nor are the commercial conditions favourable to the 
preparation of anthrJicene. 

Working up the Water-gas Tars. —:Saholvien, in a German 
patent of 1904 (No. 163623), states that the water-gas tar 
obtained in the treatment of petroleum hydrocarbons, for the 
purpose of preparing’carburetting agents, cannot be distilled on 
account of its large percentage of water, and had hitherto 
merely been utilized for making pitch or as fuel. Even when 
mechanically dehydrated, it can be distilled only on a small 
scale. He treats it, therefore, by a special process (Ger. P. 
161236), of which we shall speak in Chapter V. 

The German water-gas tars have a specific gravity differing 
but little from water; they are thin, oily, and of brownish- 
black colour. On working up on a large scale, a tar, after 
removing from 10 to 20 per cent, of water, yielded ;— - 


(a) Light oils up to 230“ . . , 22-0 per cent. 

(b) Heavy „ 300° . . . 30-0 „ 

(c) „ „ from 300° to 330° . . 130 „ 

{d) Pitch (very shiny and eatily fusible) . 300 „ 

Loss . . . . . 5-0 „ 


icx)-o per cent. 

The heavy oils {b) deposited on prolonged cooling 0-5 per cent, 
(of the weight of tar) crude' naphthalene, and, the oils boiling 
ffrom 300° to 330° (c), 0-13 crude anthracene, containing 40 per 
cent pure anfhwcene.,, ' 

In Germany only very littSe water-gas tar is worked up 
by distillation; most of it is used at the gas-works, them¬ 
selves for purifying ‘the illuminating gas from, naphthalene, 
or ae fuel for Diesel motors, etc. (n America, .Sadtlcr has 
recommended the heavy distillates for pickling timber (Chem. 
En^.tX., p. 74). Forrest points out (/. Soe. Chem. Ind., 1911, 
p. 193) that there is no possibility of procuring a sufficient 
^quantity of water-gas tar for that purpOsp. He quotes the 
results of examining the‘samples of water-garf tar and separating 
the fractions by distillation, comparing them with coke-oven 
tar. The'oils are practically free from naphthalene, and quite 
liquid at 95*^ . ( 
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F. Tars and Tar-products obtained hy^ Stiperheaimg Certain 
Oils and Vapours {Oil-Gas Process). 

The decomposition of compounds belonging essentially 
to the “fatty” (“alipjiatic”)'series, by passing their vapours 
through rgd-hot tubes, and the fact that aromatic compounds 
are formed in this way, has been studied by Berthelot (since 
1867) and several other chemists. The preparation of 
illuminating gas, which always contains considerable quantities 
of aromatic compounds, from oil and other fatty substances 
has been practised according to this method for a long time. 
This process, the “ oil-gas process',’ seems to have b^en invented 
by John Taylor, in 1814,^ and was introduced into Germany in 
1828, but soon mostly abandoned, since the oil was found to be 
too expensive. It was taken up again after 1850, when cheap 
mineral oils, from shale and lignite, came into the market; and 
in America the refining of petroleum yielded a large quantity 
of oil suitable for the above purpose. The oil-gas industry 
was principally developed in Germany by H. Hirzel, Hiibner 
and others, but chiefly by Julius Pintsch, ^hose compressed 
oil-gas has been widely employe^ for lighting railway carriages, 
both in England and Germany. 

We cannoti in this place enter into the details of the 
manufacture of oil-.gas, and only mention that the raw material, 
the so-called gas-oil, has generally a specific gravity of 0-850 to 
0-900, and has to pass ov*r up to 320" C. According to 
Hirzel, 100 kl. gas-oil should yield 60 cbm. gas of an ijlumin-* 
ating power of 7»5 German standard candles,•wjth an .hourly 
consumption of 35 litres. • 

For this purpose that oil, introduced into a red-hot retort, 
is first volatilised and the vapours are decomposed into more 
volatile bSdies in contact with the heft walls of the Retort. 
Part of the oil esc^ipee decomposition and is condensed in a 
receiver; another^portion is converted into aromatic hydro¬ 
carbons, with secreiflon of carbbn,the former being also condensed 
in the. receiver. fOius oil-gas tar is forme's. A«:ording to 
Youfig (/. Gas Lighting, 1893, ii., p. *265), many pvaffin^ are*’ 
formed by the radiant heat wtthin <the retort, Ihd mostly 
aromatic hydrocarb^s ^>3^contact of the vapours wifh*the hot. 

• Scheithauer, Bit Fabrikatipn ^er Mineral' 6 le„<t\jc,, i 5 ?^, p. 282. 
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sides of the retort; this should be taken into account when 
constructing apparatus, either with the view, of producing an 
illuminating gas or obtaining benzol, etc. 

The following fable gives some idea of the percentage 
composition of oil-gas as compafed with coal-gas:— 


X 



Oil-gt9. 

Qoal'g&s. 

Carbon dioxide . 

I'O 

• 

1*5 

Oxygen .... 

0-5 

1-4 

Heavy hydrocarbons . . 

33-0 

3-0 

Carbon monoxide 

2*5 

8*0 

Hydrogen .... 

15-0 

48.7 

Methane , . 

40<0 

33-7 

Nitrogen .... 

2*0 

4-0 


On compressing oil-gas to lo or 12 atmosphere.?, each 
100 cbm. of compressed gas separate about 6 to 10 kl. 
liquid hydrocarbons. This liquid has been examined by 
Armstrong and by Bunte (/. Gasbeleucht., 1893, p. 442), who 
found in it;—70 ,,per cent, benzene; 15 per cent, toluene; 
5 per cent, higher aromatic hydrocarbons; 10 per cent, olefins. 

R. E. Wyant (/. Gas Lighfing, I9i4,cxxviii., p. 131) describes 
the recovery of oil-gas tar from the emulsion coming out of 
the tar-scrubber. 

The oil-gas tar proper, of which 30 to 45 per cent, of the oil 
employed is obtained, is even npw considered a troublesome 
by-product. In colour and smell it resembles coal-tar; but its 
' specific gravity is 0-950 to i-ooo, and it is much thinner. Its 
exact composition has not yet^ been ascertained, but it must 
vary very much, according to the raw material used, the tempera¬ 
ture of its generation, and the shape of apparatus. Schelthauer 
quotes the following boiling-points:— ' ■ « 

* • . * ' 

Between 70°. and 150° C. . . *5 to 10 per cent. 


I, *5® 700 ,, .» 

5 


„ 200 ,, 250 {, . • • 

%}0 


„ ..250° „ 300” „ . 

20 

n 

Above 300° , ^ . 

‘.30 


Residue and loss * . . . 

fo 



• . * ' 

Tht 'investigations of Scheithauer ^oc. cit.}, Pryce (/. 

1893, p. 497), M^tjam (/. Gas Lighting, 1893, 
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p. 400), Lewes {ibid., p. 699), and Armstrong proved the presence 
of very small quantities of benzene, and* rather more toluene 
and its homologues, but principally olefins and acetylenes, 
sometimes also low-boiling paraffins; alSo 3 to 4 per cent, 
naphthalene. Some sil-tars "are entirely free from anthracene, 
others contain o-o6 up to i per cent. This anthracene contains 
copsiderable quantities of methyl-anthracene. Free carbon 
occurs in large quantities, but phenols and basic bodies are 
excluded by the nature of the raw material. Wurth {Unter- 
suchungen eines Olgasteers, Miinchen, 1904) found in oil-gas 
tar 




Per cent. 

Naphthalene . *. 

Per emit 

Benzene 

. . 

I-OO 

. 4*90 

Toluene 


2*00 

Crude anthracene . 

. 0*58 

Xylenes 

Resin-yielding 

oils boiling 

1-30 

Phenols , 

Bases 

. 0*30 

. traces 

below 150” 


t-oo 

Asphalte . 

. 22*0 

Oils boiling from 150° to 200° 

1-50 

Free carbon 

. 20*50 

• 

)» 

2CX)'’ „ 300^ 
300“ „ 360“ 

26-60 

I2-6o 

Water (neutral) 

. 4*00 


Also all other constituents of coal-tar,*excepting carbon 
disulphide and acridine, were proved to be present. 

Oil-gas tar is sometimes worked up by distillation. 
This process yields a light naphtha employed fox' carburetting 
gas, a middle fraction sold as “ solvent naphtha,” and a heavy 
fraction which is either employed for making new gas or as 
“boring-oil” in the iron indastryf The residue forms a thick 
tar, much used instead of natural asphalt. Much of .the oil, 
gas tar. is burn«d at the gas-works, either isixed wiUi other 
fuel or else by itself,iDy means*of the “ forsunka." Zimmer and 
Gbttsjein (Ger. P. 98061) work it up with Portland cement for 
the purpose oj obtaining an extremely rdsistkig material. 

■ The principal use of that description of tSr seems to be^in the 
following direction.* Although the discovery of benzene itself, by 
Faraday, was madfiin the year <825 in the liquid condensing*from 
compressed oil-gaf, it is only*quite recently that the preparation 
of substances similar to coal-tar —that is, containing considerable 
quantities of berrzene, naphthalene, ancf anthracene—A 
heaviest distillates and residues df the petroleur\p On'S paraffin-oil 
' refineries, by superfieating them in red-hot tubes/ has beert 
attempted cm a practical scaje.. Special experimegtft to ascertain 
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how far this reaction might be applicable on a practical scale 
were made in response te a prize offered in 1.S77 by the Berlin 
Society for the Promotion of Industry. It was required to be 
shown that it is possible to convert the high-boiling oils of the 
browncoal-tar, by a technically applicable process, into the hydro¬ 
carbons forming the basis of the aniline-colour and alizarin 
industry. 

Liebcrmann and Burg* found that the ^bove oils, when 
passed through red-hot tubes filled with porous material, are 
converted into a mixture of hydrocarbons very similar to coal- 
tar, containing about 4 per cent, benzene and toluene and 0-9 
per cent crqde anthracene. Petroleum and “ vulcan oil ” yielded 
much gas and benzene, but hardly any anthracene. Coal-tar 
oils, boiling between 140° and 150° and between 150“ and 210°, 
when treated in a similar way, suffered much less loss of weight 
The quantitative results obtained by those chemists are, from 
their own showing, no guide as to those obtainable on tlje large 
scale, for which special experiments would be required. Similar 
to the above were the results of Salzmann and Wichelhaus^; 
and Attcrberg ® proved the same for wood-tar. 

The most extended paper pn this subject has been published 
by Letny.'* He examined a tarry condensate, produced in the 
manufacture of gas by passing heavy petroleum “tailings" 
through red-hot tubes filled with wood 7 after several passages 
through the retort he found it entirely similar to coal-tar, and 
especially proved it to contain benzene, toluene, xylene, naph- 
jthalenp, anthracene, and phenanthrene, along with unchanged 
petroleum. After this he tried passing the>4ietroleum-tailings 
on a small scale through a red-hot tube fillfed with charcoal. He 
obtained 33-3 per cent, of gas and 66'6 per cent, of tar, contain¬ 
ing much amylenf, benzene, toluene, xylene, an^ higher-boiling 
oils, but no solid hj'drocarbons. The absence of thp latter was 
ascribed by Letny to the comparatively«sm*ali thickness of the 
layer of red-hot charcoal whichr the petrokpm-vapours had to 
pass on the small scale. At 4 higher pressifte more oils of low 
boiling-pojnt we?fe formed, but on the whole less tar and bad gas. 
"* The'ra^v material Tor* Letny’s experiments was the residue 
from refinftig tlie petroleum *of Baku in South Russia. Since 

. 'er., 1878, p. 723- ‘ 802, I 43 l' 

}»■<£, p, 1222. . - * DingLpolft. J., ccxxix,, p. 353. 
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it has been shown by Beilstein and KurbatofF that this 
petroleum contains principally hydrogen'addition-priducts of 
the benzene series, isomeric, but not identical, with the fatty 
compounds of the series it is easily Explained how large 

quantities of benzenoid hydrotarbons could be obtained by the 
igneous decomposition of that substance. 


In that oil-gas tar Letny found 


Per cent. Oontelning 


Water. 

Light oil, boiling up to 90° 

„ „ from 90° to 140° . 

Middle oils, „ „ 140° „ 200° . 

Heavy oil, „ „ 200° „ 270° . 

Anthracene oil, boiling from 270° to 340° 

„ „ „ above 340° . 

Pitch. 


2-3 

‘*'^1 benzene, toluene, 
5 'gj xylene, etc. 

r naphjthalene 
'^Jand unchanged 
[ petroleum. 

/ anthracene, 
^^’°\phenanthrene, etc. 
20-6 


Loss . . .2-5 


The specific gravity of this tar was remarkably high, viz. i • 207. 
The tar obtained in superheating naphtha residues has 
also been examined by Dziewonski {Chem*Rev., 1902, p. 36; 
Ckem. Zeit., 1902, p. 492). « 

In 1879, experiments made at my laboratory on a somewhat 
large scale by athemist sent there by one of the largest Russian 
petroleum refiners (Ragosine), with an apparatus constructed by 
myself, fully confirmed the fact that large quantities of benzene, 
toluene, naphthalene, and aifthracene could be obtained from 
petroleum residues in the above-described manner. In id8i,as« 
reported*by Rudnfw.^ in fact, the tar fropi the Kasan gas»works, 
wjiere petroleum resiSues form the raw materials for gas-making, 
was dijtilled in the ordinary way; it yielded 10 to 12 per cent, 
of benzol, up,tp 5 per cent, of naphthalene'anrf some anthracene, 
but hardly any phenols., " ' • 

In 1882, accor^in^ to Liebermann,^ the working-up of 
■ petroleum residuesUn the abovtf-described manner was industri¬ 
ally carried out by^the brothers Nobel at Baku. The anthra- ■ 
cene pfepared by ^em tested 25 to 30 per cent., and at^ the^ 

• Ludwigsh^fen woAs yielded very^oofl ahzarin. The naphtha- . 
iene was pure. The beqzol, although boiling ak 80° to 85°, was 

' Dingl. polyk J., ccaxxi*., p. 72. ^ 

* nk, cclYh, p. 429 j J»So4. Cltem. Ind., >883, p-128. 
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unsuitable for nitrobenzol, as it contained too many fatty 
hydrocarbons; but it can be easily purified by freezing at —14° 
(a process easily practicable in Russia during winter), even when 
containing 30 per cbnt. of impurities, and t-hus made to yield 
pure nitrobenzene, boiling at 205''. Tha-naphtha residues are 
dropped into red-hot iron retorts filled with pumice; they yielded, 
per 1000 kg., 500 cbm. (= 17,650 cub. ft.) of gas, employed for 
heating and lighting, together with 300 kg. of tar, containing 0-6 
per cent, of crude anthracene and 17 per cent, of crude benzol 
(boiling at 120", and, indeed, containing only about 4 or 5 per 
cent, of benzene and toluene). 

In the yfar 1882 there were produced at Baku 200,000 tons 
of naphtha residues, which were sold as fuel for steamboats, etc., 
and for the manufacture of gas in Russia; but only a very small 
proportion of this was worked for benzol and anthracene. The 
outlay for plant is extremely large. Kraemer found that, 
employing pipes 5 to 6 in. wide and 7 to 9 ft. long, two, set in 
one furnace, no more than 2 cwt. of residues could be passed 
through in 24 hours. By his mode of purification he was able 
\o prepare oils containing 91 or even 96 per cent, of nitrifiable 
benzol; while Liebermann’s piethod.yielded to him only oils 
containing 24 per cent, of nitrifiable benzol. 

Statements concerning the Russian trials of employing 
petroleum residues (“astatki”) as sources of benzene, naphtha¬ 
lene, and anthracene, have been made by B. Redwood (/. Soc. 
Chem. Ind., 1885, p. 79), front observations made during a visit 
ito Baku in 1884. He mentions a “ cupola regenerative furnace ” 
patented by Isabel, and quotes the following details obtained 
from that gentleman. The firsftreatmen^ gives 30 to 40 per. 
cent of tar, containing 15 to 17 per cent, of 50 per cent, benzol. 
By a second destriictiVe distillation of heavy oil^ remaining in 
the t^r after the separation of the benzpl, 70 per cent, of .tar is 
obtained, containing from 7 to 10 per' cent, of 50 per cent 
benltol, 16 per cent of naphthalene, 2 or 3 pewent. of dry “ green 
grease ” (containing 30 per cent anthracene); and 24 per cent of 
pitch. There is also obtained in the process per cubic foot of 
asta\ki, 75.to 100 cub.'ft'of gas, having an illuminating power 
five times * greater than tha*t of coal-gas. The regenerative 
. furnace is'first heated to iooo°-C. (astatki being, of course, the 
heating-ageVit), and after having become cooled duting the pro- 
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cess of decomposing the astatki, it is again similarly heated, the 
gas remaining irk the furnace and the coke deposited on the 
hearth being utilized as fuel. ' The furnace is stated to remain 
in working order without cleaning for twelve months. The 
progress, in spite of beang carried out on a somewhat large scale, 
had evidently not passed beyond the experimental stage, and 
has no doubt been stopped since Redwood’s visit, owing to a 
fall in prices, flngler, who visited the same district in 1885, 
reports nothing of it. 

Another trial of the same method was made in the United 
States by a Swiss chemist, who had seen something of the 
experiments made in my Zurich laboratory; but^although a 
good deal of capital was sunk in the enterprise, the result was 
most unsatisfactory, either owing to that chemist’s inexperience 
or to the adverse nature of American petroleum residues, which 
do not seem to have the same composition as the similar 
material obtained in the Caucasus. 

Hlawaty {Chem. Ind., 1891, p. 69; Ger. P. 51553 ) Passes 
strongly superheated steam into a mixture of petroleum residue, 
etc., with one-third sawdust and one-sixtW quicklime. The 
vapours are passed through red^ot pipes filled with iron or 
carbon, and are then subjected to condensation. The liquid 
obtained contains much aromatic hydrocarbons; thb gases con¬ 
sist mostly of acetylenes, and, after passing through, a purifying 
mixture of lime, copperas, and sawdust, they are conducted 
through red-hot pipes filled with pumice, where they furnish 
another aromatic condensate. In lieu of steam, the superheated < 
vapours /rom ethyl or methyl-alcohol or acetic ,acid taay be 
employed. 

Boissieu {Chem. Zeit., 1893, p, 70) found that Russian 
“massud” (pejroleum residue), differently fftim shale oil or 
American petroleum, furnishes 12 to 15 per cent, aroipatic 
products by dry dislillation. According to him, this quantity 
would be increase^Jjy employing extreme cold and compfes- 
sion in the condAsers. Th*e dbude benzol thus obtained 
yielded 69 per cent, at 100°, 96 per cent, at i4o\ and. the total ^ 
yield Was 8'04 per tent, benzene,2-57 percent, toluene^ and 1*05 
per cent xylenes.- The aniline and tolaidine naade*therefrom 
were of excellent quality. ^ , 

Nikiforow* (B. Fs. 19957..i8g6, and 21374, i 9 Pf; Russian 
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P. 290, of 1904; Ger. P. 85884, of 1905) splits up the residues 
into fractions by strongs heat applied under pressure. They 
are first vaporized under ordinary pressure in a semi-oval 
cast-iron retort at 5 'i 5 ° to ^50°. The receiver is kept at zoo°, 
so that only high-boiling products are here condensed, which 
are either burnt underneath the retorts, together with the 
permanent gases, or again subjected to decomposition. The 
vapours issuing from the first receiver are copied down in a 
worm, and the condensing liquid is distilled in ordinary tar- 
stills provided with reflux-coolers. The fractions up to io0°, 
130°, 160°, 180°, and 200° are separately condensed; the 
residue is used, like the tar, from the first receiver. Each 
fraction is separately treated in an oil-gas retort, two of which 
are always combined; they are here decomposed at tempera¬ 
tures varying from 700° for the lightest to izoo°for the heaviest 
fraction, under a pressure of two atmospheres. The first 
receiver is kept at 150° or 200°; the vapours uncondensed here 
are condensed by cooling, fractionally distilled, and aniline- 
benzol recovered from the fraction boiling up to 120°. The 
fractions up to 16 o°, 180°,‘and 200° re-enter the cycle of 
operations; those above 200° are worked for naphthalene and 
anthracene. The tar collected in the first vaporization may 
be dealt with in a similar manner, treating the fractions at 
much higher temperatures under pressure, but yields much 
less aromatic hydrocarbons. The total yield of these is about 
12 per cent Nikiforow’s process .has been carried out on a 
(large scale at Kineshma, in Russia, employing high temperature 
and pressure, < By the first distillation sf- the naphtha or 
naphtha residues, 38 per cent tar is obtained, half of it consisting 
of aromatic hydrocarbons. At the second distillation these are 
obtained in a sighcibntly pure state, the yield, being 12 per 
cent^benzene and tolliene, 2 or 3 per cent naphthalene, i per 
cent, anthracene. The German patent. No. 143549, awarded 
for‘this process, was cancelled a few ye^rs after, and the 
manufacture in Russia was Stopped after h fire. The cost of 
the benzol obtained by this process wasa-o&mark per kilogram— 
that is, four or five time? that of English berizol. A favourable 
report on Nikiforow’s process was madp byOglobine {Z.angm. 
Chem.',‘ 1905, p. 406), but the stoppage pf the factory proves 
that it did^'ijot pay. 
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Later on Nikiforow took out a British patent, No. 17450, 
of 1907, for the following process. Hyfirocarbons of a* boiling- 
point not exceeding 200° C, obtained by j;he destructive dis¬ 
tillation of naphtha, are pulverised by directing a current cf 
water-gas, issuing frora a suitable nozzle against a jet of the oil 
previously 4 ieated to 200° C, and the mixture is caused to pass 
thrpugh a retort. The water-gas is previously heated in a coil 
to a temperature of 800° to 1000° C, and to keep up the heat 
more water-gas of the same temperature is introduced into the 
retort at both ends. By this means aromatic hydrocarbons are 
formed which collect together with soot in a catch-box provided 
with a stirring-arrangement, whilst the gases and smcondensed 
hydrocarbons escape. The condensed hydrocarbons are drawn 
off through an overflow, and when working at 800° to 850° C., the 
products are stated to be: 15 per cent, of commercial benzol, 
4 per cent, of naphthalene, 0-5 per cent, of anthracene, 10 to 12 
per cent, of coke, 9 per cent, of coked material and soot, and 
50 per cent, of gas of 14 candles illuminating power. 

Dvorkovitch (B. P. 21647, 1892; /. Gas Lighting, 1893, ii. p, 
1083) has constructed an apparatus on the lines laid down by 
Young (p. 185), which has been»erected at Ragosine’s works 
at Nischni-Novgorod, and is stated to yield 40, kl. 50 per 
cent, benzol frorfl 100 kl. petroleum. One hundred kilolitres of 
Russian petroleum yield,467 cbm. gas of 60-3 standard candles, 
with an hourly consumption of 150 litres, and. 37 per cent. tar. 
The latter yield^: 32-4 per celit. benzol, 41-1 per cent, light oil 
0-14 per cent, anthracene, ii per cent, pitch, and u pef cent 
lubricating oil. 

. Wisse and Schneller (B. P. 21343, 1892) propose employinf 
an ■ elestrically heated furnace for the decomposition of thesi 
residues, ^^igle (/. Gas Lighting, 1893,’ii/p. 629) employ- 
a lead bath. Another, furnace for a similar purpose* ha: 
been constructed by M^ffert (Ger. P. 99254). 

Hausmann and #ilat (Ger. R 227178, 1909; pass the vapour 
of petroleum dr petroleum fractions into highly heated tubes 
filled wifti contact bcylies, consisting of metallic oxides, peroxides 
and sajts, sych as manganese peroycide* ferric sulpha|fe, calciurr 
permanganate, etc., which transfer the oiygen of the ajr passer 
into the tubes to the Jrydragen carbides of the petyfeum, an< 
dispense with'the eihployment ofequeous vappur. -It is asserter 
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that 90 per cent, of the oils employed, or even more than that, 
is thus converted into ai'omatic hydrocarbons'. 

Starke (U.S. P. ^13780) treats the “distillate of petroleum 
which contains a benzene nucleus,” by agitating and heating 
with concentrated sulphuric acid,'until, the evolution of sulphur 
dioxide ceases. The mass is then allowed to settle until the 
sulphonic acids have separated from the petroleum, and .the 
benzene is recovered from the sulphonic acids by distillation. 

All these proposals have at the present day hardly more 
than scientific interest On the one hand, it is now known 
that petroleum residues can be converted into valuable lubricat¬ 
ing oils and asphalt; on the other hand, there is no lack of 
products from coal-tar, and no necessity to produce similar 
substances in such a roundabout way. P'or the same reason 
the proposals of Dvorkovitch, referring to the manufacture of 
gas, in which the loss of gas and illuminating power is to be 
compensated by the value of benzol, etc. (p. 193), have been 
adversely criticised by Scheithauer {loc. cit.) and Lewes (/. Gas 
Lighting, 1893, ii., p. 619). 

The view has Seen uttered that the production of aromatic 
hydrocarbons from petroleum residues, etc., is owing to the 
decomposition of the naphthenes present, and especially the 
close connection between hexanaphthene and b'enzene has been 
pointed out: 


CH.—CIV 

-CH, 

'CH 

Ch'-CHj- 

-CH, 

Hcl^yCH 
, ‘ CH 


If this were the Isase, success would mostly depend upon the 
proportion of naphthfines in the residues worked, which, perhaps, 
is less favourable in'the American petrdleum than in that from 
Caucasia, 

In Clum. Ind., 1915, p.“ 201, Pietruslcy reports that Dr 
W. F. Rittmanii, of the U.S. Bureau of Jvjines, on 8th March 
1915 demonstrated a “riew” process for obtaining fr,om mineral 
oils, benzene end ’toluene, together ,with an increased yield 
of tetizln; It would appear that thi$ process consists in passing 
the oil through an iron tube, heating it therein fo upwards of 



SYNTHESIS BY MEANS OF BARIUM CARBIDE 195 


450° under a pressure of about 90 lb. per superficial inch, where 
the object is the "production of benzirf. If the templrature is 
raised to 500°, and the pressure to 100 lb. per superficial inch, 
benzene and toluene are obtained. The llureau of Mines has 
made a contract with th? Etnh Explosives Co. for working out 
the techniaal details of this process, anc^ it has erected a factory 
, for this purpose at Pittsburg. Details are only to be published 
after the patent* demanded by the Bureau of Mines have been 
granted. (Pietrusky remarks that it is questionable whether 
such patents will be granted, as the production of aromatic 
hydrocarbons from mineral oils has been known for nearly forty 
years. It is, however, possible that the abov#-mentioned 
process contains novel features which are patentable.) 

If at any time petroleum can come into question as a source 
of aromatic hydrocarbons for the manufacture of colours, this 
cannot be done, at the present situation of the market, by 
aromatjzing the aliphatic petroleum hydrocarbons. Of greater 
importance is the fact that b)f the petroleum industry of Japan, 
Borneo, Sumatra, and Java, benzines containing a considerable 
proportion of benzol and toluol are imported at a moderate 
duty, which may lead to very, sharp competition with the 
German benzol industry for the manufacture of colours and 
motor-engines. • * 

G. Synthetic Production of Aromatic Hydrocarbons by Means 
of Barium Qirbide. 

Bradley and Jacobs (Ger. P. 125936) heat barium carbide' 
with barium or sodium hydrate at 600'^ to 1200* C., whereby 
benzol, naphthalene, and anthracene are formed according to 
the equation (for benzene): 

3BaCj + 3§a(OH)j = QHj+’6BaO. 

The yield is stated to be very good, but at the present low 
prices of those pro&ucts there is hardly any chance for this 
.process., 

GeneraP Observations on Coal-tmr fropi Various Sources. 

All the above-mqjitionjd varieties of coal-tar, to wh»h we 
might add natural* tars—as .the Rangoon paphtha and, in a 
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sense, even crude petroleum—are principally (although 
never exclusively) coihpdsed of hydrocarbons ;■ but these belong 
to very different classes, and the members of these classes are 
present in various proportions. In some of them the “ aromatic” 
hydrocarbons—that is, those belonging to the benzene series 
in its widest sense—are altogether predominant; oand these 
' benc:enoid" tars are those which yield the raw material for the 
manufacture of coal-tar colours—benzene, toluene, xylene, 
naphthalene, anthracene, and carbolic acid. In other tars, 
which we call the “paraffinoid” tars, we find, apart from phenols 
nf higher orders, the members of the paraffin series and others 
dosely related to it, as the olefines, all of them belonging to 
the “aliphatic” or “fatty” compounds. Some of these tars 
are stated to contain compounds which, although isomeric with 
paraffins or olefines, are yet in reality aromatic compounds, 
namely, hydrogen addition-products (c/. next chapter); but 
this does not seem to make any practical difference,, in the 
way in which such tars can be utilized (that is, merely for the 
manufacture of burning and lubricating oils and of solid 
paraffin), while they are useless for the manufacture of coal- 
tar colours. » 

As a rule, the members of both series are found to a certain 
extent in all kinds of tar; and this is a rule without exception, 
if we include the phenols, which are all “aromatic” compounds, 
and which do not seem to be ever absent in any coal-tar. Those 
tars are most valuable which cohtain most benzenoid hydro- 
' carbons; eveil a rather small proportion of paraffinoid hydro¬ 
carbons greatlylessens, their value for colour-makingj and any 
considerable admixture of such m'ay make them practically worth¬ 
less for that purpose. Benzol which contains many" unnitrjfiable ” 
oils is not accept^ by any aniline manufacture!) ^nd anthra¬ 
cene rcontaining paraffin is dreaded fjy every ali7,arin maker. 
Hence the practical value of some of the*tar-producing processes 
described above is very questionable, since they yield a mixture 
of benzenoid and paraffinoid'compounds containing too much 
of the latter kind. It is of course not Kippossible that good 
and cheapjmanufactufin^ methods will be fohnd for separating 
these two kinds of compounds; bu^ until that is the case 
those "{iro'c^sses have no chance of competing with gas-tar and 
with some descriptions of coketoven tars. 
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It is, of course, an important question : What are the con¬ 
ditions under which the formation •of •benzenoid 5 r that of 
paraffinoid compounds predominates ? We have already seen 
(pp. 38 et seq) that differences of temperatfire have a great deal 
to do with it; but thif does not account for everything. With¬ 
out doubt.the physical condition and the chemical composition 
of the coal di.stilled are of great importance: older fossils yield 
more benzenojfi hydrocarbons, ybunger ones more paraffins 
and phenols (p. 49). But even when treating one and the 
same material, ordinary gas-coal or coking-coal, great differ¬ 
ences are observed according to the method of applying the 
heat. We will illustrate this by the following quotation from a 
paper by Watson Smith {Industries, 1886, p. 139):— 

“ In the cases in which the benzenoid tars (those useful for 
coal-tar colours) are yielded, the condition which must be 
observed is an intense heat applied to a relatively thin layer of 
the fuel. If this condition be not observed, consecutive dis¬ 
tillation occurs, in which, in the interior of the mass of coal 
(a comparatively bad conductor of heat), or in that part of 
the oven or retort in which the heat is less tntense, products of 
the paraffinoid class mainly aft first distilled at the lower 
temperature there existing, pass outwards to the exterior, and 
escape in such abundance into the highly heated cA^en or retort 
space, and thence .are so rapidly drawn off to the condensing 
arrangements that a large proportion of the paraffinoid matters 
still predominate in the product cotidcnsed. ’ 

“ In the oth*er case, however, in which the layer of.fuel i^ 
sufficiently thin, sufficiently exposed on all side* to the intense 
heat, as fast as the cflnstituents of the coal rearrange themselves 
to form the products at all, they do so almost directly to form 
the high-temperature products and benzdhoiij constituents, and 
the qpnse^ytive is almost entirely mergecf in a more or less 
direct pfoces.s. , 

“ The truth of Jhese observations is well illustrated in’ the 
, forms, mode of heafing, and gSnefel arrangement of the ordinary 
gas-ret«rts, and in the Simon-Carvfes coke-ovefis, and, in opposi- 
• tion to them, the Jameson’s adapted tteehive coke-ovens, where* 
the coal lies in a dense mass spread out on the floor 8f the same, 
which is not heated^ below; nor are the sides heated, but the- 
heat is applied ta the upper surface of tl^e carbinizipg fuel. 
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Also, in another form of the adapted beehive coke-oven the 
coal lies ih a dense mas* on the floor, which is heated strongly 
by flues passing below the floor or bed; but neither sides nor 
top are heated, and ff the top were heated there would be too 
great a space between it and the feel. Iivboth the latter cases, 
paraflinoid tars are produced.” 

To this we need only add that the same conditions as exist 
in the case of gas-retorts and Simon-Carvcs,coke-ovens for 
producing benzenoid tars are offered by the Otto coke-ovens 
and other similar forms; while the conditions for the predomin¬ 
ance of paraffinoid compounds are also furnished as a natural 
consequence, of their mode of action, by gas-producers and 
blast-furnaces working with coal. 


Determination of the Yield of Tar and Ammonia from Coal. 

It is, of course, desirable to know beforehand what quantity 
of tar and ammonia a new description of coal may be expected 
to yield. Such estimations would certainly be far more im¬ 
portant if tar and afinmonia ever became the principal products 
of the distillation of coal; bpt we have seen above that this 
state of affairs, which at one time seemed to be approaching, 
is now once rtiore relegated to a distant future, i Under present 
circumstances the quantity and quality of the gas and the 
coke obtained in distillation are decidedly the primary con¬ 
siderations. '■ '» 

t Nevertheless it occasionally happens that either coal-owners 
or coaliconsuniers wish to enlighten themselves as to the yield 
of by-products from some special description of coal. Hitherto 
the only reliable means of arriving at that , result has been to 
distil some truckjloads of coal in the same retorts or ovens 
which ^'■6 used for "the ordinary manufacture, taking, care 
that the by-products are separateiy collected. This ,is not 
very easy, especially so far as the tar is concerned, since 
there is always a good deal remaining frbm previous opera¬ 
tions in the hydratilic main, eta; but it cant be done by.special 
"care‘, and jve have already noticed (pp. 58 et seqi) such experi-- 
ments perfdrmed at Paris. 

This test is, of course, not always possible to perform, and 
' it is very dfesirable^ to arrive ap the yield of by-products by a 
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test on the laboratory scale. Instead, however, of describing 
any apparatus or ^jrocess for this purpose* I will poin# out the 
difficulties of such testings. At the very least there should be 
provided an experimental retort, imitating the conditions on 
the large scale as cljsely as possible; for instance, a small 
cast-iron iP-shaped retort, i8 in. long and 6 in. high (inside 
measurement), with a head, cover, and gas-delivery tube similar 
to those of ordit^ary gas-retorts,'in which about lo lb. of coal can 
be distilled. Even here the conditions are very different from 
those of a real gas-retort; and we must expect to get a very 
different quantity of tar, and of quite different quality, from 
that which the same coal will produje in a full-sjzed fireclay 
gas-retort or a coke-oven. In the case of ammonia, also, 
the distillation on the small scale is no guide as to that 
on the large scale. It is, of course, utterly hopeless to 
expect anything like trustworthy results when chemists work 
with even smaller apparatus, such as glass combustion-tubing 
porcelain tubes, or gun-barrels. S. Schmitz' believes he can 
obtain good results in testing for ammonia by passing the 
gases evolved in distilling lo or 15 g. of coai in a combustion- 
tube over red-hot coke contained^ in the first half of the tube; 
but here it is uncertain how much of the ammonia, is derived 
from the coal distilled, and how much from the rfetion of the 
gases and vapours pn the coke, which always contains nitrogen. 
The gases are absorbed in dilute sulphuric acid, the liquid 
evaporated to a small volume with the adcTition of oxide of 
mercury, and tffe ammonia driven off by caustic soda* Thi^ 
method jvill at best allow comparative results.to be otjtained 
for different kinds of'coal, but k cannot be expected that these 
result-s will coincide with'manufacturing practice. 

' Stahl u. Bisen, 1886 , p. ^ 96 ^ 



CHAPTER in 

THE PROPERTIES OF COAL-TAR AND ITS CONSTITUENTS 

Coal-tar is a black, more or less viscid fluid of peculiar 
smell, of specific gravity I'l to 1-28, usually between M2 and 
M5; London tar averages i-2, and sometimes amounts to 
1-215; country tars are lighter; cannel-coal tars still more so.^ 
It has been asserted by some that tar is more valuable the 
lower its specific. gravity. In any case, this could only be 
said of pure coal-tar, whose specific gravity generally rises 
with its contents of free carbon; but since the tar from 
cannel-coal, shale, etc., which contains more toluene and paraffin 
than coal-tar, is much lighter than the latter, the above 
criterion is not in any way to be depended upon. 

The determination of the -specific gravity of tar, tar-oils, 
and pitch is described by J. M. Weiss (/. Ind. Eng. Chein., 

' viL, p. 21), according to well-known methods. 

Coal-tar, like some of its constituents, has poisonous 
properties. Even on the surface of the sk,in it sometimes 
‘ cause! inflammation. The reports of the British factory 
inspectors repeatedly - mention this, and_ consider it‘identical 
with the “ chimney-sweeps’ itch.” Workmen who take regard 
to cleanliness are nev^er visited by such complaints, which have, 
never been observed in the case of men occupied-in.the depart¬ 
ment of crude tar, bui now and then on men employed in the 
anthracene and pitch department, feroex {Monatshefte fiir 
frakt. Dermatologic, 1909, p. 267), on the otjier hand, reports on 
the curative effects of tar in external use in certain skin diseases 

I It is ^trapge that authors like Bolley, Wutit, Girard and Oelaire,. 
Vincent, and others have stated the specific gravity of coal-tai. to be equal 
to or below that bf water. Evidently, there > has been confusion with tar 
from bf-owdc^al or boghead, etc.; and a wrong quotation of this kind has 
passed from one book, to another without criticism. - 

om *• 



COAL-TAR AND AMMONIA 


CHAPTER I 

INTRODUCTORY 

Coal. 

The first part of this work treats of coal-tar, that pyrogenetic 
product of the decomposition of coal which is obtained in 
gas-works and coke-works in large quantities as a valuable 
by-product. Before we enter upon our proper task, that is, the 
description of the industry of coal-tar,, it seems suitable to 
consider the rkw material, that is, coal as^to its formation, its 
properties, and its occurrence. 

Formation of Coal .—We shall first quote the utterances of 
Professor Engler, in his lecture on»“ Processes of Disintegration 
in Nature” {Chem. Zeit., 1911, p. 1061), on the psocesses going, 
on in the formation of {oal and petroleum': “ Both of these are tJie 
residues left in the disintegration of living organic substance, 
which hav^ not met with the quantity of oxygeii required for 
fheir com'plete decomposition by decay. Ojving to this lack, 
the prganic substanc^ has not, as in ordinary deciay, been 
altogether resolved by autox'djtion into v^Jlatile products, but 
a prooe^s of putrefaction has set Ijc^flfVhich the elements oS 
the drgaifj g^sub stance have ijpen 6nly partially ^’olatilized by 
internal re-arrangemints of the^at’&nis, so that ultinfetely, 
corresfwnding'to the n^ftire»of the ijitial substance (giostly of 
vegetable origin in'lhe'case^of coaj, and of animaj erigin in th^t 
of pejfoleumj, pcr^nent^retpaindei^ rich in c^bon bave been 
left as^oal; or cemain<Jys*rich in hydrocarbons^n.tlft case of' 
bitm»en or •p^folqum#' li was* therefore i ^dition fpr the 
formation of ,tfilse» graSucts, that the ,ve'geta1?le or animal 
r^aihderl; previous to theit cdfnplete deoByj*jrere pfcteqted . 
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froip contact with aifi whereby thar complete volatilization by ‘ 
oxid^ion was ^delayed br entirely stopped, and permanent 
itemainders were left behind. The natural process of decay 
in tbesfe cases ledj so to speak, into a blind 'alley, and those 
enormous accumulatiops of incompletely decomposed organic 
remainders were formed which, after being at rest for many 
thoijsands of years, are in recent years, gradually ,brought to 
the surface by the hands of men, and now meet with their 
final destination by being oxidized by combustion into carbon 
dioxide and water." 

“Whilst,” Engler continues, ''coal has been principally 
formed from the cell-substance and the other vegetable hydro¬ 
carbons, there is almost unanimous consent that the substances 
from which petroleum has been formed are the liquid and solid 
waxes of animal and vegetable beingi, originating most likely 
both from the macro and the micro fauna and flora. ... In 
coal the solar energy of long past thousands of years has been 
stored up, and by its corpbustion it is the principal source of 
energy of our industry, which in recent times h^s taken such a 
powerful development. Similarly to^ coal, petroleum is also, 
a product of decomposition, brought about by solar energy. 
The flame of the petroleum lamp contains the light and heat 
radiated upon parth thousands and millions of years ago." 

I , It has been established by geologists and paleontologists 
as an undoubted fact that in the formation of the coal-deposits 
water has played a most important part.^ Coal haJ' been 
recognised asctlje decomposition product of a formei*.vegetablf 
and animal world* the former being gteatly prevailing. IJow 
far the‘vegetable world may haye consisted ,,of marine plants 
(fucus), or also of irrrestrial plants (bog plants, suq^en forests), 
‘ has not yet been secur^"!^'established. Some coalrl 36 (fl 5 »are 
undoubtedly pf marine origin, biijf ofters, the‘>inls!j(^i-beds, owe 
their formation to loCaf depressions .pn” the continentSj The 
marine beds mostly occifK' long stretches op formes sea-coasts, 
whereHhe efekftnts of foipiiStipn are much the same all over; 
they are probabiy formed by marfn^ plants; carri^ awa)»when 
dead by'naval purrenfts and deposited'^'in cer^n places. The 
( inlaid-*beds,. flie Saar coal-b?^,-are jn&fih' less i^idejy 

extended and miich kss regular; the^'are “possibly .formjtd, ^ 

.. . SUutkakle'.'^Kttm^ ■ 11 - 
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the floating action of rivers, or bj'the forination of bogs^ owing 
to the chMges of level of the soil. Probably boyi these factors-, 
have contributed to the formation oii coal, and this may be an 
explanation of thft differences of properties of different coal-beds. 

Evidehtl>i the decaying vegetable matter was gradually 
coverSd by layers of mud, which later o* solidified and tuoied 
into the vyious descriptions of roc^ (carboniferous sandstene,- 
carboniferous limestone, carboniferous slate) in which the coal 
is deposited. This is proved by the whole situation of the 
carboniferous formations as well as by the enclosures of 
vegetable petrifacts and remainders of terrestrial animals 
which-in all cases occur in coal. But the vegetable remainders 
of which the coal itself consists were formed during immense 
spaces of time in the subsequent geological epoch under the 
influence of pressing heat and internal chemical rearrangements 
and decompositions into that substance which we now call 
“ coal.” It cannot be even approximately estimated how nftny 
generations of plants were required for producing the enormous 
treasures of cqal existing in our planet, forming beds up to 
250 ft. deep. To, be suje, we must renfember that during 
that far-removed geological epoch the high percentage of 
carbon dioxfde in the air, tog»ther with the tropical climate, 
were bound to produce a vegetilion entirely <liffering from 
that of our own days. ^ 

We cannot stop to discuss in this place the various theories 
enounAd on the formation of coal, in respect of their likelihood 
to represent the truth. But we must oppose^ a.vfew which up 
to tjiis day is folmd in* certain scientific treatises^ and which 
evidently starts from incorrect suppositions, since it must 
produce entp'ely erroneous view% as ^ the^nature of coaL 
has bg^nf^pposed (e.£-. by Schultz, Steinkohlenteers, 

1882, p. 2ij^tiiat*coal^ ha^ betn farmed from thb cellulqpe of 
terrestrial plants by fti%,separation oi free carbon, as well as 
of water, vidierein jthc ^resihs* and oi®'which partially* resisted 
the decay, under the^pressufc ofi tBe superincumbent masses of 
rock, eementwi th» ca»b(*v particles mto a stdhy m^. The 
incorreetncss of*t)ii8 vieVis froi»the out At proved by the’faqj, 
tob*faentiohS 3 . 1 {iter (Jh,.that coal iff realityidsfe* not ojiitidn 
MW.“frei carbta.” ^rSover„thc researches*d£ Hopp^Seyler 
xvt, p. I22)*and Tippeiner (»ir(/.i)p*f734.and 1730) 
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have proved that- the decay of cellulose takes plact under ith$ 
influence of a ferment found in every bog, forest, and •field, not' 
m the just-mentioned v(ay, but already at 20°, the principal 
products being carbon dioxide and methane, 'iyith a secondary 
formation of hydrogen, sulphuicetted hydrogen, ^nd'aldehyde. 
There is no scientific^ reason for assuming that durii% the 
<coa} period that process was going on in a different manner 
! from that observed at the present time; on the contrary, we 
, may assume that at that period it was going on in an immensely 
more gigantic way than at the present time. 

It cannot be questioned that the various constituents of 
those coal-forming primeval plants, as cellulose, oils, fesins, 
organic acids, albuminous substances, etc., act in very different 
manners in the process of decay; but the formation of notable 
quantities of free carbon is practically fcxcluded. Undoubtedly, 
the assumption of its formation has in the first line been based 
upon the black colour of coal; secondly, to the fact th^t in the 
gasification of coal a carhon-like residue, coke, is formed. But 
it has been proved that coke itself must fiot be considered as 
. (impure) carbon, but is most likely a highly complicated 
compound of hydrocarbons. Muck {Steinkohlenchemie, 1891, 
p. i) justly points out that otherwise the pre-existence of free 
carbon wouldr have to be atssumed also in starch,._ sugar, and 
■ other substaifces which on heating leave a carbonaceous residue. ■ 
The same line is taken by Guignet {Coviptes retid.,yo\. Ixxxviii., 
p. 590), Fr6my {ibid., p. 1048), Baltzer (see belot#), and 
Friswell {Chirm, Zeit., 1892, p<>904). 

Properties and Composition of Coal. 

Coal is a non-frystalline, ^ense, sjaty or fibrous substance, 
of dark brown up to pi^ibla^ colour, which has f^eqBently a 
’paraUelo-ep^d'ic structqrCj and"'under the <mjfl;^Etope shows 
vegetable texture. Its^spedfic gravj^yls from i-i to 1-3, and 
its elementary cdmposivlon range? from _ 80 to 95 per cent' 
carboh, 2'S to^-^ per cent hj-driogeo, 2-5 to ’20 per cent, ojtygen 
and i-o^ 2-0 per cent ‘nitrogen® ,^perience hlis shown that 
the percentage composition of coalolfTords^fto possibility of 
, classifying u tfof. tedhnical purposes.'• This.’JS'much 
attained by itif behaviour at^higher feiH{iferatu»es; btit hepejU' 
'wcll .theit aKo fluctuations according^ to the * origin" of W ; 





various spArimens of coal, Jl^St iubject is treated in de^il 
•Muck in jits above-quoted SteiKkoAknchemk. For qur.purpo^i 
it will suffice to quote the classification of Cruder and that -o! 
' Herwegbn, 

Gruner dbj Mine^, 1S73, iv,, p. 169} gives, the 

following table:—, 


• 

CompoaltioDj per cent. 

Yield io distillation, per tent, i 

CluMB ifooal. 


H. 

0 . 

Gai., 

Ammool- 

'acal 

l,lquor. 

Tar.' 

I. Sand-coal . 

75 to So 

5.5 10 4-5 

19-5 to 15 

20 to 30 

12 to 5 

18 to 15 

2 . Gas-coal a 

I80 „ 8s 

5-8 5-0 

14-2 „ 20 

29 U 

5II3 

‘5 II 22 

3. Blacksmith’s coal 

84 „ 89 

5'0 „ 5-5 

II -5 .. 5-5 

16 1, 15 

3II 2 

23 ii'XO., 

4. Coking-coal 

88 „ 9t 

6-5 .. 5-5 

6-5 „ 5-5 

15 .. 22 

• I „ I 

20 ,i 5 

5. Anthracites (dry 
coal) 

90 „ 93 

’5-5 .. 3-0 

5-5 3-0 

12 „ 8 

• I „ 0 

S li' 


For the manufacture of coke, illuminating gas and-tar 
(whicli alone are of interest to us in this treatise), according to 
that classification, principally Nos. i, 2, and 4, are of importance. 
Sand-coal and gas-coal ,»furnish the best material for the 
manufacture of illuminating gas, the former in respect of 
quantity,, the latter in respect»of quality. The short-flamed 
No. 4 is, especially after washiifg and levigating, the best 
material for the manufacture of cok?; these * descriptions, 
therefore, are the proper starting material for coal-tar. 

Herwegen {Kokereitechnik, 1911) gives the following 
table:— 


PeBignfttioD. 


■{ 


Fliming-coal, 
Gas-coal. 
,Coking-coaJ' (bitu-/ 
mmoBs dsal) • .\ 
Dry coal/(lon-bitu-^ 
' ninoaft 

a *• 

Antbijicite. • 


• CompositioD. • 

C. 

H. 

0. 



— 

F. eenti 

iP. cent. 

P. cent. 

80 


15 

82 

5 • 

•23 

84 

• 5 

IX 

84 

5 ^ 


tyt 


t 7 

90 

(■ 

5 

1 92 

4 • 

9+ 

1 

3 * 


? 

a 

98 

i 

i , 


YI«W 

of 

<l»lo;)r 


7600 

nif 

8000 
•Sjoo' 
850S 
S800 
8700 
.8joo 
S400 
, 8200 



• 


Et* 

^olnure. 

Yield 

Quality 

coke. 

coke. 


\ 


P. cent. 

P. cent. 

• 
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• ‘ -• As’pointed out above, tfee is now no doubt the fact 
that cm/ does not contain any free carbon at all. ^specially 
FrisAell {lcc.'^cit.) has shown that the black residue which- 
remains after coal powdfer has been boiled fpr six hours with 
nitric acid of about 49 per cent., and which ImIc’s like unchanged 
coS, has nothing in common with coal. Unlfke thisj it is 
aftnost completely soluble in a dilute solution of sodium 
hydrate, and from this solution acids precipitate bfown flakes, 
soluble in an excess of water, which after drying bel^ve like a 
nitro-compound. When distilling this substance with addition 
of zinc dust hydrogen and cyanogen are given off, and the 
distillate contains ammonia, with traces of pyridine and other 
bases. 

Most probably coal must not be looked at as a simple 
chemical compound, but as a mixture of various, most likely 
very different hydrocarbons of high molecular weight. Basing 
on this point of view, Baltzer ( Vierteljahrsschr. d. Zuricher , 
Naturf. Ges., 1873; Muck, Steinkohlenchemie) has enounced the 
following views as to the bonstitution of coal:— 

1st. Coals are mixtures of complicated carbon compounds., 
2nd. These compounds form a ^netic, and most probably 
homologous series. * 

3rd. The carbon skeletpn^of these compounds is very 
complicated. ^ The only analogy to it is presented by the 
aromatic series of organic compounds. • „ 

Considering the elementary composition of coal ^nd its 
large contents of carbon, it seems indicated to Ipok for the 
cause of its formation and constitution in this: that its principal 
constituents belong to the aromatic series, and this assumption 
“is all the more justified, as in thet destructive'distillation ofx:oal 
..the whole series of* benzene compounds is forme^o which 
certainly is no proof of the preA^^istence of the singlb members 
of that series Anyhow, it is in this respwt intefSSbng to learn 
that Watson Smith anjJ. Chorley((^.''S'^><r. Ckem. Ind., voL xii., 

. p. 22q) liav6,^ipceeded in ex|ractin| Jajwnese coal with benzene 
, to pbtaii\_somewhat considerable quantities'of a bifaimbn contain* 
ihg aromatic hydrocarbons, phenols,‘ki^ 5 nerabei 5 S of the j)yridine* 

• and guinoline^‘seiies„, although but in smalf <^jntitie%^We' 
^jnrfst also notice'^he results obtained %y,G»ignM(C(iMj;ttft rrt«i, 

yol'lxcxviii., p. Spo/by the wdon of tytric acid on cojd. ’ He 
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obtained l^rge quantities of tnilitro-resorcjne/ together with 
oxalic acid. When fusihg it W^th caustic'soda, there vfpre 
formed, together with humus-like substances,* amihonil and 
aniline. , 

We also refer to the well-knfwn occurrence of the ammonium 
compound ot mellithic acid, Cg(COOH^j, as “ honey-stone*”^in 
the coal of the quadersandstein and the carbonic formatiofts of 
the Tula Covernment, and that of’fichtelite in some peaf and 
lignite deposits, which mineral is probably a perhydride 
of retene (Bamberger and Strasser, Ber/. Ber., 1889, p. 3361). 
Kraus {Ann. Chem. Pharm., vol. xxviii., p. 345) has found retene 
also in the scheererite of the lignite deposit at Uznach 
(Switzerland). 

Still it must be admitted that these isolated discoveries do 
not admit of drawing ^ general conclusion on the chemical 
nature of codl; Guignet himself ascribes the occurrence ol 
trinitro-resorcine in the treatment of coal with nitric acid to the 
resinous substances contained in it. Up to the present it is 
not feasible to propose special strdcture formulae for coals.0 
different composition, as some have tried. 

Undoubtedly the refinous and wax-tike substances are 0; 
special importance for the formation of gases from coal. Muck 
in his Steinkohlenchemie, p.' ^numerates a series of com¬ 
pounds of this kind, observed in coal, whdfep composltior 
and properties are sometimes stated in rather different ways 
and ^hich, therefore* cannot be looked at as sharply distin 
guishablqchemical individuals. According to him, Dondorf hai 
•observed in Wjstphaljan coal a substance# otcurring in thir 
•le^es, of black colour, with reddish-brown iridcscense, abou 
0'3 per cent, of \frhich can be* extracted fr^m the coal by mean; 
of cajtjpn disulphide or ether, it .oorrtains 87-22 per cent. G. 
0-20 H,*^-29 1-29 S.^ Jt/.ethcrftal solution shows stron| 

fluorescen<#)’*and it#jjurns with fL bnight, sooty'flame and ai 
incense-like smell. Itf’qccjirrence ^ coal^ proves that sulphu; 
occurs in’coal not merely as a ^mineral impyi^'ty, but.alsq it 
.-organic .chynical •combination, fi^insch pra^t. Chem., 
188^ seems* to have ojtiKned a similar^ substance. £iepmann 
( 5 /nW a. HiiVf, 1910, p. 1236)1 has, extra9te<f,several resinous 
substances frpih’co^l b34*hieans of ether, alcolj^fand chlofofcrm., 
Pihtet and 'S^mse.yttjBerl, Ben, jpai, p*. z^S^j^extraoted from 
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3 CiO'J{}lograras of coal by raeajis 0/ toiling benzenej'.244 g»rti 
of an^oil which, after washing with all^ali and acid, was separatee 
by repeated factional distillations into several fractions, none 
of which contained nftrogen or sulphur, whi^h-fluickly absorbed 
oxy^ep and were turned into .resinous matter.. All of them 
s^jowed the composition, CisHjj. They proved that the Higher 
fraftions were formed by polymerization from the fraction 
boiling at 270 , which was identified as hexahydrofiuorene, and 
which can be also obtained from the coal itself by destructive 
distillation in vacuo at 4 SO° They believe themselves entitled 
to the conclusion that coal is essentially formed .by the 
polymerization of originally liquid substances. 

Rau [Stahl a. Eisen, 1910, p. 1236) states that up to that 
time the extraction of coal by benzene, chloroform, phenol, or 
other solvents yields at most 4 per cent, of soluble substances. 
Even at a temperature of 200 and a pressure of 14 atmospheres 
le could not extract from Westphalian “ Fettkohle” by benzene 
nore than from i to i J per cent, of soluble matter. 

Bedson [J. Gasbeleucht., 1908, p. 627) made the important 
discovery that pyridine dissolves from 27 to 35 per cent, from 
gas-coal (yielding 64 to 66 per cent, of coke). Dennstedt, 
■Hassler, and Biinz [Z. angew. Chem., 1908, p. 1825) obtained 
from German and English ceals, yielding 62 per ceijt. coke, r8 
•per cent, pyridine extract; much less, of course, from anthracite¬ 
like coals, down to o-6 per cent, in the ca.^e of coal yielding 87 
per cent. coke. ,‘Wornast [Stahl u. Eisen, 1910, p. 01236) 
obtained 12 percent, pyridine^ extract from Lorraine gas-coal 
yielding 50 per ftent. coke, and 29 per cent, extract frpm" 
Westphaliancoal yielding 62 per cent. coke. Rau [Stahlu, Essen, 
1910, p. 1236) conshjers it asa.fect that pyritfine does not act 
as a physical but as “a Chemical solvent; there ’ is «6thji^ 
definite known as to the natifre D^.the,dissolved substa'nqe. ’ 
Plotting all results togefeer, we maiy say^ that pyridine 
extracts less from bitumi^us matter•and from recently farmed 
cc^ than frofiitgas-coal, the tqaximujn fading'at coal yielding 65 
■per cent. .ceke. ^bove thst‘the extfaefys lesl^own to zero in the' 
case of Ifnthrpcite. Rau considers' tfctt, if chemists pay' as 
taflc|i^attentio^to’coal as they have done tp^ioal-tar, «wry, 

- consideraljjle resi^’te fof practical appliciftiqn*may be expectedl ;' 
§lsbfischihicjf^ [Z^, angtw.'* (Sem., ° 1899, -p.' <790) tresi^ 
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finely ,pc«#dered",E^hwilier, coai! with ;liquid bromine,, washed 
the remaining mass With alcohol, and*dried the residue at too" 
to 110°. ,He states the composition of the substance before 
and after this trpat^ent as follows 



Before t^e 
tnatmeot with 
broHiine. 

• 

After the 
treatment with 
bromine. 

(farbon ..... 
Hydrogen ..... 

Bromine. 

Nitrogen and oxygen 

Ashes ..... 
SuJphur. 

Per cent. 
87.50 

4.96 

4-13 

2.28 

I'I 3 

Per cent. 
47.28 

2.61 

45-50 

3-88 

0-73 ■ 


The mass remaining after the treatment with bromine 
yielded on boiling with sodium carbonate solution, 07, with 
ammonia, 7.3, and with caustic potash solution, 42 per fent. 
bromine. When heating it in a current of carbon dioxide the 
decomposition, with evolution of bromine, commenced at 200°;. 
at 360° from 13 to 2i pw cent, bromine lyas evolved as HBr, 
according to the time of heating; on heating over the Bunsen 
burner all the bromine was driven out. 

Gases ^contained in Coal. —S»ch gases, contained in the 
pin-cracks of coal, frequently escape under high pressure as 
“blowers,” anchare.* ^reat trouble in coal-mining. They have 
been ®camined by numerous chemists (Bischof, ^unsen, Keller, 
E. von Meyer, Thomas, Schopdorff, etc.), a^nd have been 
recognized as mktures'of ethane, methane, fithylene, butylene, 
and»other members of the series carbon mflnoxide, 

carbon dioxide, nitrogen, and oacygen. \^fy likely they have 
taJccn them origin in recent tijnes* till coal being still subject 
at the pr^jjpj time to a* filtther Ilow carborfiz^ion; but the 
nitrogen aVd oxyged»:of the “bfcweft” are probably simply 
due tq atrjospheric air. 

Occurrence of Coed in N(fiurt.-~J^e speak her^cffily of^oal ih 
'the jtfoper,.^nse«Jpitc<i^),|not of brownco^ (lignite), since' 
“ coal-tar ” .in the ordfciary ntpaning is on^y .deriWsd ffora 
Ihe* former. ><^1 is, jf coufse, ^riiKipayy^ound iiji.^^e*' 
“ Coal-Measuj>es/^ blit.sdinetimes also in,the*Lower New Ked‘ 
Sipdkone Oharl. in the Lias fSdnSte), and in. the Vfealden. 
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ft is, therefore, the product,of processes going back to the 
oidfer palzeozoic formation, which, according to a cilcufation by 
Grosfeann, dates to about 2,260,000 years before the present, 
time. I. 

The production of the princip^ countries during retent years, 
areording to various s^ources, has been as follows. The figures 
meSn metrical kilo-tons, i of which is=984-2 English tons 
= ifo2-3 American tons (bf 2000 lbs.). 



. .. The entire stock,of Cof^s in the £,cirih is estimated by Engler 
^fihem, teiti^ ssu it p. 10152 ) fpr ^le ^ear* 1908 at alJout 7 Q 0 ,<xX), 

; million tqns, of which GecAiany pjsse^ses 4‘I^6,OOOjGreat 8rit|in 
;'.I93,000,*® Belgium 29,000, France* ^^,000, Austria-Ifungary .^ 
Russia,‘^o,iSoo« The stock of coal irfehe soil a^the 
MPpied States^/estimated at about'68(j,000*toi)s; th^t of the' 
^ti^lginftgpaijS of tlie worid^af,least at the same iig,iire‘;%o 
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thjt the stock of coal in the j 9 hoie world would-be about 
3,000,005) million tons. At the present rate of coal-mirting 
that stock would last in Germany for another* 3000 yelrs, in 
Great Britain for 700 years, in the*remainder of Eujope for 
900 years, and in Ae United ^ates for 1700 years. 

Of course only part of the coal mined comes into questioii 
for the production of tar. According to an estimate of Rau, 
in Stahl u. Risen, 1910, p. 1296, the “percentage of coal wotked, 
with projjuction of tar, in the year 1909 was 



Germany. 

Belgium. 

Great 

Britain. 

. 

United 
States. ' 

In coke-works without the recoveiy of 

Percent. 

Per cent. 

Per cant.' 

Per cent. 

by-products. 

In coke-works recovering tfie by- 

4 

5 

10 

10 

products ..... 

In gas-works recovering the gas- 

16 

II 

2 

2 

works ...... 

4 

4 

6 


Therefore rationally only . 

30 

15 

8 

• 3 


Destructive Distillation of Coal 

• 

The process of destructive tiistillation of organic substances 
(that is, of heating them beyona the point o^ ^decomposition 
without accessjf ^is carried on for several industrial purposes. 
The [^incipal objecTmay be either the dry residue, or the gases 
evolved, or else the condensed distillate. Thd latter nearly 
always separates into two distinSt layers—one 6f*which consists 
of\he water pre-existing in the original substanpe, or, formed 
from it during destructive distillation, holding in solution a 
pprtiqp^of the distillate ; the othur ia fsrmed by the condensed 
pr®llcts“^nsoluble in wateii c(ppearil1g in the form of a more 
or less visdfl,Mark-coloured oil, iij son»e cases lifter, in^jthers 
heavier, than tlie waterydisfillate, ag^ generally known by the 
• name of tdr. 

According as t«e oriptinai matet^ls ditter, the products of 
their destructive SistfUjiibn differ alsoj but ^he difierence is 
greater in the condens&i distillates than in either ^ 
solid i;psidue^ 'oc ^he ^permanent gases. solid Niidufi 
(charcoal, colje) was tpranerlv* cansidcred tp censist easentially 
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^.of«arlm and ashes, but it is iji reality a mixtu/e of eotiipouads, 
eontwning very much C with bu^ little H and 0 and sometimes 
N. The different qualities of wood-charcoal, coke, bone* 
■ charcoal, etc.,, are principally caused by the yanous descriptions 
and quantities of mineral matter intimately'miyed-with the 
"tarbon" remaining Ijehind as the.residuup of the ofganic 
matter, and varying according to the original substance. 
Besides,^ it should not bfe overlooked that the process of 
destructive distillation is industrially carried on „ at very 
different temperatures, by which both the physical nature 
and the chemical composition of the carbonaceous residue is 
greatly modified. Probably this plays at least as important 
a part as the difference between the original materials. In 
any case it cannot be denied that the combustible portion of 
all carbonaceous residues, so far as the shemical reactions throw 
light upon it, does not present any great diversity. 

The same may be said of the permanent gases formed in 
destructive distillation, part of which remains dissolved in the 
ppducts of condensation. Carbon dioxide, carbon monoxide, 
nitrogen, hydrogen, {he lowest members of the paraffin series 
and of the hydrocarbons containinghess hydrogen (ethylene, 
acetylene) are always found. Sulphuretted hydrogen does not 
occur in the distillation of wood, but occurs regularly in that 
of coal and ,of animal matters. The production of these* 
permanent gases for illuminating, purpe^s ;; thg object of a 
nighly importpt industry, that of the manufacture of illamina- 
ting gas, in ,which now more than ever coal predominates 
^ almost to the exclusion of ail other raw mattrials, except for 
very special purposes. “ 

On the other hq((id, the wapery distillates 'differ very much 
according to the nature’bfthefraw material. In the case ofwqod, 
«hich contain^ very little nitfbgeq, these produfts are^f an'^cid 
nature, acetic acid being tte irtost important, next‘t'which come 
methylic ^alcohol and aenjone. The»pfoducts originating from 
fossil ifegeta’blfc .substances fcj;h^ve this respect similarly to 
wood, if they hj,Ve been»formed ^’n Jbe^ pfgsent thejnore 
ijecent geological periods—for instan«s,* peat ^nd bro,wncoal 
pigniU). The Mid feactipn of the distillate is ffe^ently qagted 
is, a criterion ior,yisfinguishing brownSoai frofit* seal <^.* Alt 
th«*meAyIic aJ 2 oh«l and-mpft of, the*Metic acid>of etkak^' 
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are obtefnftd frSm this source. »Real coal, on the other ii'andr 
which always contains a certain amoullt of nitro^fen, inva|iahly :. 
furnishes p. watery distillate whose re|Ction is strongly alkaline, 
owing to the pttsfnee of ammonia and, te some e:ftent, of ’ 
volatile cAga^ic bases. The bulk of ammonia and ammonia- 
salts Hornes fron; this source,, viz., the gas liquor, i.e. J^e* 
amnloniac^l liquor of gas-works, which is obtained not mjrely 
by cooling, but also by washing of the gas in the scrubbers. 

■ A similar difference exists in the oily distillates,‘'the tarh 
By “tar” we designate all those products of the destructive' 
distillation of organic substances (whether produced by our-" 
selves or by some natural process in these or in former times),; 
which are not miscible with water. They are oily, more or less 
vlspid, of a dark-brown up to a deep black colour; and a 
peculiar smell. According to the origin of tars, there are great 
differences among them, both physically and chemically. We 
may say, generally, that the tar from peat, browncoal,oand' 
bituminous shale consists principally of hydrocarbons of the 
“fatty” {aliphatic) series, wood-tar of phenols and thefr 
derivatives, and coal-tar^ on the other hand, principally of 
“ aromatic ” hydrocarbons. But along with the principal con¬ 
stituents there is always a la^e number of other compounds' 
present: apd matters are still further comglicated by the fact 
that through the action of heat the individual cempounds are 
transformed pTO lljnaui^o other compounds of the same series, 
part)y»into compounds belonging to other series. Owing to 
this, tar obtained from the sarqe material differs very much 
in (jDmposition according to the temperature'of the destructive 
distiilation—hay,' even according to the shape of the retorts, 
which allows the vapours to romain for atgreater or less time 
irr corftact with the hot sides of file “vessel—matters on which, 
we sliall sjiglj in detail furtlfar on." 

This eiJplaias wh'y^he tars are%xtr 5 mely complex miiftures. 
Acid? (pheqols) and_ bases earf be extr^ed f»om them by “ serial 
reactions'”; the great ljulliofindifferent hydrScarbons can, 
•only be sepa/ated Jroiji pqe janother ty fractional distillation, 
only a^few of ffiem bjfcrystallization or by the forAation of. 
^ul^lfonic acWs’^stc. Of these" operationi first is>^oftfaix 
insufiklent fo» isolating the simple compounds, especially thosiil’; 
of, high boiling-points, linca ’at* thf boiling .femperaftire 
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coinpounds are frequently deeomposed, a drawback'which cin 
f certainly be lessened by Sniploying a vacuum, and thus^ducing 
all the boiling-points. 

j Thd tar from irowncoal (lignite), as well ‘as that obtained 
from,/ra/ and bituminous shah (and formerly aiso'from the' 
”Fefbane-Hill mineral)( is manufactured for its own sakS as a 
priqfipal product, and forms the basis of the Wesf-European 
industry of mineral oils and paraffin, which has proved its 
vitality even against the enormous competition of American 
and Russian petroleum, of ozokerite, and of other products 
’ found in nature. The other products of the destructive 
distillation of similar, more recent, fossil substances possess very 
little or no value, except in the case of some very dense, coal¬ 
like browncoals, which furnish good coke and good gas, but no 
mineral oil. On the contrary, up) to the present is not 

manufactured as a principal product, the other products playing 
an inferior part: it is only an accidental but unavoidable 
by-product of the destructive distillation of coal for the purpose 
of manufacturing illuminating gas or coke, just as ammoniacal 
gas-liquor is. It is imperative to con^lense these two substances 
in order to purify the gas; but whilst the coke remaining 
behind in gas-making was always a by-product of‘considerable 
value, which ipaterially inflsenced the cost price pf the gas, 
tar and amnroniacal liquor were for many years regarded as 
refuse products which were not mereJy-rtiilTout value, but 
caused considerable inconvenience and expense fof their 
removal. But ^ since coal-ta{ and ammoniacal liquor have 
become startingr^oints for a chemical industry of enornjous 
extent, the/have also become factors contributing very greatly 
to the revenue of |:fcs-works; asid it can hardly be denied that 
circumstances might occifr ifi wljich these two substance? w^illd 
be the principal 'products of* the dfestructive dist^l^ion of coal, 
so th*at the gas would* onl^ appear, jis»'a seesndary product 
It is of historical interestithat the ffirst English patqpt referring 
to thff destrAtsve distillatisn ef <oal ^that of John Joachun 
(j»r) Becher and Henr/ Serle, daljed Augpist i|, 1681) does' 
not treat of ithp manufacture, of ligluJng-gas'but of V‘a new 
"way gf raakqi(ig,Qi_Jch,*and tarre out,of pit qpjiH!, never Woffe) 

■ found out or us»d by ;any other."^ 

iWe*shall see.fifrther dh that recently the prcWuctlon of fit/,; 
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and ammonia as principal objects of the distillation of C9al 
has been ttie subject of trials carried out on a lar^e scale. 

The hj(drocarbons which are the principal constituents of 
coai-tar (as well as of.Rangoon naphtha and oC crude petrbleum) 
belong to ver)%different classes, a«d the members of these classes' 
are pff%sent in ve|y different proportions. Sometimes tjijo 
“aromatic’’.hydrocarbons, i.e. derivatives of benzene in ^he 
widest sense, are altogether prevailing; these are the tars 
serving a^he starting material for the manufacture of coal-tar 
colours. ‘ Benzene, toluene, xylene, naphthalene, and anthracene 
are the most important hydrocarbons of .this class, and with 
these always occurs phenol (carbolic acid). • But in other tars 
we find, apart from higher phenols, the members of the 
paraffin and the olefin series which are classed as “ aliphatic ” 
hydrocarbons. Some ta»s contain compounds isomeric with 
paraffins and olefins, but being in reality hydrogen addition 
.products of aromatic hydrocarbons; these tars'are not fit»for 
the -manufacture of colours, but mejely for that of fuel oil, 
lubricating oil, and solid paraffin. 

As a rule we find members of both series to a certain extent 
in all tars; phenols are found in tars of every description,' 
The most valtiable tars are thosj containing most benzene and 
its homologues. Even a slight admixture of al^hatic hydro-, 
carbons greatly diminishes their value for the manufacture of; 
colouring matt^)**a 4 ^ more consi< 3 erable proportion of 
aliphatia hydrocarbons may render the tar entirely useless for 
that purpose. Benzene containing much non-njtrifiable oils, 
aiid anthra'cene containing paraffin, are not accepted by the tar- 
colou* works. Therefore those processes for producing tar, 
which furnish sucR mixtures,*a»e of very 4destionable value, 
and^hey cannot compete with gas-tSr Sj coke-oven tar. 

It * 13 , th^f^re, of great importance to inquire pnder which 
conditions fhe formation of aronfatic*or that of aliphatic 
hydrocarbons becomes prevalent H*e shall see later on 
that differences of tempdratiyre are .a very importSifi factor in 
that r^pect; Jiut tjjey'^r* jiq(: eveiytBing. U 5 idoubt*dly the 
physical state as ^ell as*rtie chei^ical compositjoa of fhe coal , 
distilfod is of gst^ influence. Older fossils y i* HJgre aroojatic-'. 

hydrocarbons, younga: rfstfts more paraffinjlike* substances and 
phdhola , But «ven when freatine life Same etiSiCoal or Alcine- . 
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Coal, a great ditterence is fpnpd i^ccording to the way in viihic& 
t^heat is applied. ln‘order to obtain more of the^aromatic 
hydrocarbons* suitable for the manufacture oj artificial 
colours, it is necessary !o cause a stronger iheat to act upon 
a thinner layer of coal. If this ie neglected, a grac^^al distillation 
is,brought about whicjj causes in the inner {portions of the coal 
(irajch is rather a bad conductor of heat), or in Ihejess strongly 
. heated portions of the retort or oven, the formation of more 
paraffin-like distillates, owing to the less intense hejt. These, 
products are so quickly removed from the reach of the hot 
retort or oven walls that in the condensed products the 
paraffins are still prevailing. On the other hand, if the coal 
is spread out in a thin layer and is exposed to intense heat on 
all'sides, the elements of coal during the decomposition of the 
coal are at once combined to form the products corresponding' 
to the higher temperatures, viz. benzene derivatives and the 
less, complicated phenols, the destructive distillation in this, 
case not being a gradual but a suddenly acting-process. 

The paper of E. Mills (/. Soc. Chem.lnd, 1885,p. 325),on the 
formation of tar from -vegetable matter, will be noticed later on. 

The following papers also treat o?the formation of tar : Spat- 
jew {Chem. Zeit., i., 360); Werner von Bolton {Z,> Eleklrockem.-, 
,1902, p. 166). 

The composition of water-gas tar is described by Downs 
and Deane (/. Ind. Eng. Chem., 1914, vi^j^.j^S). 

Historical Notes on the Application of Coal-tar pnd the 
'Products obtained therefroiti 

Before the latter part of the seventeenth century no *iotice 
seems to have beb 4 . taken of 4 he appearance of tar during the 
heating of coal—a sutstjno'e of comparatively small iaipor^hce, 
at that time. One of the pioneaA, if not the,re^ljyiginator, of 
the industry of coal-ta*r, thi German^clfemist,Joh 3 nn Joachim 
Becher,,describes his observations in the following,word,s':— 

, “In ^^olTand they, hai* pea^ anfl in England pit-coals,, 
[SteinkiJhlen] i’neither ‘of them is ,i«ry, g^d fot burning, be ft ' 
, in rooms or fo^ smelling. BqJ I havw^ound J way, .not merely 
?o,hprn bo^^jp^s into good coal |coke] whjoh not anf«mttfe 

* “Narriseh^'Weisbeit, No. ^6,* quotA ky*G. Sftiulti, 
ed., pTji'and nithfulty (raaslatedSiett. 



;HIgTOSICAL NOTES 17 

smokes nop stinks, but with them flame to smelt equally well 
as with flK)od, so that a foot of such c6al makes^ flames lO ft. 
long. That I have demonstrated with pit-coal at the Hague, 
and here in England at Mr Boyle’s, also ati Windsor bn the 
large scale, fn this connection it is also noteworthy that, 
equally as the Swejies make their tar from firwood, I have hy;e 
in England jnade from pit-coal a sort of tar which is equa^ to 
the Swedish in every way and for some operations is even 
superior t« it. I have made proof of it on wood and on ropes, 
and the proof has been found right, so that even the King 
has seen a specimen of it, which is a ^ejt thing in England, 
and the coal from which the tar has been taken out is better 
for use than before.” We have seen above (p. 14) that Becher 
protected his invention by letters-patent. 

Later on Clayton (17^7-38) made some statements on the 
nature of the products obtained by destructive distillation; 
.besides coke and tar he found that combustible gases wer.e 
formed at the same time. 

About the middle of the eighteentJi century the use of coal 
became more general, and^more especially the manufacture of 
coke for smelting purposes, in lieu of wood-charcoal, began to 
be practised on a more extensive scale. It is most remarkable 
f that, in the infancy of coke-making, the recovery of tar in 
|that process was already practised, which has only quite 
precently again •come the fore. A French metallurgist, de 
i^Gen^.anse, describes a kind of muffle-furnace for^ coking coal 
and recovesing tar, which was working at Sulzbac^’ near Saar- 
brticken, bfefore the yeas 1768.1 From the dbscription of the 
tar or,“ oil ” obtained at Sulzbach (it is said to resemble distilled 
petroleum, and wal used for buraing in pqlsants’ and miners’ 
lanij^s), it.must have been much neSref in'quality to the blast¬ 
furnace anc^the “Jameson” (t8 be mentioned hereafter) 
than to gas»tar* pr to Vie tar nowiday? obtained from clbsed 
coke-ovens. ^Gurlt pointVrfiirt that the " KohlenphiJosoph ” 
Stauf (a visit to who'se lonely forest cottaee neM- •iaarhrfwWpn 

‘ Ue Uensanne, Jonte des Mims, j^aris, 177a vol. ♦., ch. ij, 

quoted by Gurlt, Dit Bereitung der S^inkohlen-BriteUt, j88, p. 22. Th« 
. place ft called “I'i?chl)ach”her«, but “ Sulzbach "occuw tn etwcommonlca- 
tioM inade*by Gurtt to Mr JiVilsoD Spit^ and quoted fn^he /. Chem. 
//mS 1884, p. 602.* 
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in i;;i, is vividly describe! by Goethe, then 3> student at 
Strasburg University) ^seems to have been the originator of 
that coking-process; he jjroduced from it “ oil,” bitumen, lamp- 
* black, and had also collected a cake of sal ammoniac from the 
“ burning hill " near by. 

», One of the patents-of that indefatigable inventor, the Earl of 
Dupdonald (No. 1291, of April 30, 1781), describes ^n invention 
for coking coal, entitled,'‘A method of extracting or making 
tar, pitch, essential oils, volatile alkali, mineral acids salts, and 
cinders from pit-coal.” The condensation of the volatile portion 
is effected by mixipg steam with it and then applying cold 
water. This invention does not, however, seem to have been 
worked out on a large scale; at any rate it must have soon 
fallen into disuse. 

In any case it is certain that the manufacture of coal-tar was 
never carried out on any extensive scale until it appeared as a 
necessary by-product in the manufacture of illuminating-gas. 
from coal, the idea of which seems to have occurred, towards the 
end of the last century,*at the same time to the Frenchman 
Lebon and the Englishman William Murdoch. The former had 
already recommfended the use of tar for preserving timber; but 
it was the latter who, along with his celebrated pupil Samuel 
Clegg, really laid the foundation of the enormous industry of 
gas-making. „ The first private gas-works was erected in 1798, 
at the engineering worTcs of Bolton and ^Way--; the first public 
gas-works in London in the year 1813, in Paris 1815, in Berlin 
1826. ; _ 

The tar formed in the raanufactuse of coal-gas ‘necessarily 
forced itself upon the notice of the gas-manufacturer,, since 
it could not be tl^.own away.without causing a nuisance. It 
was probably from the‘firSt burnt under the retorts„-f.buj,.the 
method of doing this withoiit giving very mujfh trouble \vns not 
understood then. Alek (quSated in Dumits’ Tre^tisc'on Technical 
Chemist^, translated Jay Engelharf, 1830, vol. i., p. 743) 
reports that^at the (Jlasgjpw^ga^-works'the tar°was utilized 
for the aheatiijg of the gas-reljprt^^ b^ '^^ouring it over the 
coke arid thqs making this mofe easilycombustible. In another 
fdaca (p. 74^ he'says: “The tar is but raffe^ utilized;, it is 
possible to make gas from it by ruruiqgo it'fnto retorts which 
arf filled with' msistened coke 'and heated up 4 o a red Kcht,” 
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We see frdm this passage that already in the infancy of the 
coal-gas Manufacture the same ways were trifd for getting 
rid of the tar which up to now have claimed the attention 
of gas-makers, iut more successfully now than at that 
time. 

Some of the coal-tar was, no doubt, afeo used in those tiracS 
in lieu of w«od-tar, as a cheap paint /or wood or metals; bat it 
must have been soon found out that in the crude state it is not 
well adapted for this purpose, as will be shown later on. It was 
also quickly perceived that in this respect tar is improved by 
boiling it down to some extent; and as early as 1815 Accum 
showed that, if this boiling down is carried out in closed vessels 
(stills), a volatile oil is obtained which may be employed as a 
cheap substitute for spirits of turpentine. But this distilling- 
process does not seem* t6 have been carried out to any great 
extent; and coal-tar remained, for more than a genftation from 
•the first introduction of gas-lighting, a nuisance and hat-dly 
anything else. 

In Germany the first more extensive employment of gas-tar 
was that for making roofing-felt (which had already before then 
been made in Sweden by means of wood-tar), for which purpose 
it has to be dfeprived of water an/i the more volatile constituents. 
Instead of condensing these, they*were at first almost every¬ 
where, and later on in many cases, removed by evEfporating the 
tar in open vessels, thw; creating a considerable risk from fire. 
In Gerrtiany, Bronner, of Frankfort, was the first.(in 1846) to 
treat the tar for this purpose in«a still, and tQ,nondense the 
morq volatile tar-oils, from which he prepared a detergent, long 
after known by his name, and insisting principally*of benzene. 

Bronner (according to a coilftnunicatiofl’from him to Dr. 
K6hi^r)*also obtained water-white erfosot,” and he sold the 
heavy oils if jailway compSiiies for impregnating sleepers. 
Since at that time tftfeip, was absolutely nothing published 
about this subject, .and her h’ad no predecessors ii^ this field, 
he had to overcome very (great difficulties. A^l the Other 
. products were* bu^d for «90t. 

In Great Britain, whefe the manufacture <jf iljuiiiinafing-gas 
originsfted, and^^ere it haj always been, Snd .^ill j.%j:arrieiJ on 
to a ye^Much^reatAe^rtent thag on the CoMjnent, the first 
tnye extensive Vtilisationtif coal-tar’was madfi ^ Dr Andersdn 
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already before 1830, in his ehen^ical factory near "Edinburgh, 
As he told Mr Alex (foe. cit.), he employed the ara,moniacal 
liquor of the gas-works for the manufacture of sal ammoniac, 
whilst 'the tar w,as boifed in retorts, whereby naphtha was 
obtained, which was then purified with sulph\ ric" acid and 
distilled over again. This naphtha was employed by MaclCintosh 
at (^lasgow for dissolving indiarubber, for the purpqse of manu¬ 
facturing waterproof clothing. The pitch remaining behind was 
used for the manufacture of gas. A more extensivq^industrial 
employment for coal-tar was first opened out by the invention 
of Bethell (1838) fpr preserving timber, especially railway- 
sleepers, by impregnation with the heavy oil distilled from gas- 
tar. From that time dates the introduction of tar-distilling on 
a large scale. The light oils may have been lost even here in 
some cases; but more usually thoy were condensed and 
employed as “coal-tar naphtha” for burning and for dissolving 
indiarubber. 

The day of the light tar-oils came after A. W. Hofmann (1845) 
had proved the presence of benzene in them, but especially 
when Mansfield (whose researches will be mentioned in detail 
hereafter), in his patent-specification (1847), for the first time 
accurately described the composition of these oils; along with a 
process for preparing benzene in a pure state and on a large 
scale, and with proposals for utilizing the tar-oil’s of lowest 
boiling-point for lighting purposes. Tl^ industrial preparation, 
of benzene was soon followed by that of nitrobenzene, at that 
time only eti(] ployed as a substitute for the essential ;Oil of bitter 
almonds, and krtown by the French fancy name “Essence de- 
Mirbane.” ‘ But all these applications produced only a limited 
demand for the lig^lt oils which could be made from the rapidly 
increasing quantities of/^as-tar; so that the latter, e;f(iept, 4 n a 
few local instances, did noFattajit any consi4erable„ commercial 
valuh. But a sudden^ im^eus was gi^en tq tar-distilling by 
the disppvery of" the •aniline colour's (the first of which was 
Perkin’s maftve, patented in 185^), the cfiaterial which forms 
their starting-point, 'bdtizol, being. excldinvely'-; derive^ from 
coal-tar. , . , .0 

" In the cen^rw' of industry, where at the” same time [.most 
illuminating-gjs> Is made, coal-tar was jt»once, converted from 
ainuilance into'a corintercial article in great demand' at 
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good prices. Although onl5i about i per cent, of the tar. i.s 
obtained»as benzol, this article at firsf yielded ^o much profit 
that the qther products of tar-distilling could be sold at low 
rates, and new ntarkets could be opened out for them! It is' 
true that,*as»usual, excessive dbmpetition led at one time to 
a grelt fall in th« price of benzol; and* as at the same time 
the sale of.creosote-oil and pitch was very poor, tar-distiiling 
seemed to be hardly a remunerative*business. But this condi¬ 
tion of things passed away. Even at that time a more rational 
utilization of the by-products permitted working at a profit; 
and this, so long as tar was at a reasonable price, was fully 
secured when, through Graebe and Liebermann’s discovery of' 
artificial alizarin, anthracene attained a much higher value 
than any other product from coal-tar. 


General Observations on the Use of Coal-tar for Industrial 
Purposes. 

At first, as mentioned supra, the tar was nothing but a dis¬ 
agreeable by-product in thq manufacture of gas, which had to be ‘ 
removed at soine expense. In fact, it was a nuisance which, to 
some extent, impeded the rapid extension of that form* of 
illumination. During the first p*iod of gas-n;^king the tar 
was simply run to waste; but this was^ soon stopped by the 
nuisance caused in the.neighbourhood of the works. The first 
trustworthy note on the value of gas-tar is found in Dumas’ 
Treatise of Applied Chemistry (German edition^ *1830 vol i 
p. 7^2), fr( 5 m whieh it appears that at the P'aris ^as-works it 
fetched 8s. per ton, apart from small quantities sold for medicinal 
purposes at about id. per pound. 

ip E«gland,as we shall see in;ChVer V., already before 
that time attgn^pts had been ifiedeto utilize coal-tar by distilla- 
lon, emplojjing the vofatjlp portioni as Curning-naphtha and in 
the manufacture of waterproof clothing, in lieu of e.s«enrp of 
turpentine, 

' But all this aMu’ntcd cjily to a loJal'and inefficieht outlet 
for coal-tar; all ^ mo^as the^as-man6f^ctive*extended at 
i much greatei»r^te than tjie above indusfries.. Asseat cttan^ 
.0^ place after-Perkifi’g discovery of mauvp, in’pere. The new 
industry of cbal-tar *d/es j-equiVecT corr^j^dingly* lar|e 
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quantities of raw materialSr esp^ecially benzol and, later on, 
anthracene; and this naturally led to a great extens^n of the 
distillation o^coal-tar. In this respect Great Britain just as 
naturally took th^ lead, owing to its flourishing gas-manufacture, 
and she has been ruling the market in respect qf tar-products 
ever since. 

Jhus coal-tar had acquired considerable value and, on the 
other hand, the enormously increasing manufacture of beetroot- 
sugar greatly stimulated the demand for sulphate o(^ ammonia, 
employed as manure, and almost exclusively obtainable from 
the gas-liquor. About 1884, according to a report of the 
directors of the South Metropolitan Gas Company, the sale of 
tar and sulphate of ammonia realized the sum of 9s. 5jd. per ton 
of coal distilled. Since the price of coal was iis. pd. per ton, 
the value of the by-products of gas-making amounted to" 82 per 
cent, of that of the coal employed. 

from a private but trustworthy source, the author can, 
quote the following prices obtained for tar and tar-products 
about that time;— 

Coal-tar in 1883 at gas-works, 55s.; at tar-works, 6is. to 63s. 
per ton. 

Coal-tar in 1884 at gas-works, 35s. per ton. 

Pitch, 33s. to 35s. per ton. ’ 

Benzol, 56 to 90 per cent., 3s. to 3s. id. per gall, (with 
cask). ' ^ 

Crude carbolic acid, is. 8d. to is. pd. per gall. 

Light oi| (redistilled), sp. grav. 0-967, 7d. per galj. 

Crude naphtha, yielding 50 per cent at,i70°C.fls. 46. per 
gall. 

Fluid heavy oi^, 2jd. to 3^d.''per gall, in bulk. 

Sulphate of ammoma,"good grey, 24 per cent, 14,^,105. 
in bags (had ” befen as much as ^20 a few years 

' previous). 

According toother sources, inq price 01 90-per-cent oenzol 
in 4883 ^*„I4S. pe; gall, (no^doubt 'only during a short 
time), c 

In ^885,,however, the price of cpU-tarTtad fallen to about 
'I2S.4 during i^86'(in England) it was about ;^,per ton, q^d that 
of 90-Jfer-cent( Isenzol IS. 8d, per gait, . „ 

( lii 1887, dbaUar fetohed“iS^^, benzol 90-per,cent 3s; 6a? per 
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gall., pitch <38, 6 d. per ton, anthracene is. per unit, sulphate of 
ammoni^(grey) ;fi2, 153. per ton. • 

The following table, prepared from the mai’ket reports in 
the Journal of Gas Lighting, etc., shows the^ market prices 6f 
coal-tar ir> Eifglahd during a number of years:— 


Tear. 


• 

cft p«r tOD, in 
ahlllingi. 

Avengfl 
price, In 
Bbilliagi. 

Tear. 

• 

Prloe per ton, in 
ghlilinga. 

Avenge 

price,In 
riAUnge. 

1895 

. from 18 to 20 

19 

1903 

, from 

21-5 to 26.5 

24 

1896 

•» 

18 „ 24 

21 

1904 

• » 

22-S „ 27 

24-8 

1897 

• >1 

17-5 .. 23-5 

20*5 

190S 

• » 

18 „ 22 

20 

1898 

• JJ 

13 » 17-5 

15 

1906 

■ it 

18 „ 22 

20 

1899 

• >» 

14 ,, 19-5 

i6*8 

1907 

• 

• »j 

14 „ 18 

16 

1900 

■ »» 

i6'S » 25-5 

21 

1908 

• a 

13 -S I 7 -S 

1 5-5 

1901 

• it 

14 „ 18 

16 

1909 

• » 

II'O „ 14.8 

12-9 

1902 

* » 

15 „ 18 

16-5 






The cause of the great depreciation of the value of coal-tar 
during recent years is not quite clear. It is true that the great 
fall in the price of aniline-colours and alizarin, which took place 
about the same time, and which was undoubtedly caused by 
over-production, must have influenced the value of coal-tar. 
Much stress has also been laid on the fact that during those 
years the most strenuous efforts had been made to obtain 
benzol, tar, and ammonia frbni coke-ovens, blast-furnaces, 
gas-producers, and so forth. But the quantity orti^r, of a quality 
similar to that of gasAar, w'hich had befen actually obtained in' 
Great Britain up to this time, must have been only a small 
fraction oCthat produced at the gas-works; the'blast-furnace 
tar and the Jameson tar. cannot at all competo w!tt gas-tar, and 
the producer-tar can hardly be said to be an article of commerce 
at the present tim6. 

»Th« ftate of affairs on the Continent wm different, especially. 
in Gferman^, ^TJiat countr)»Js nlw’in a position to furnish 
almost the*who|p of thp requirements of coal-tar products for its 
colour-industry, the lar|e’st in the world. J^or has this been 
changed by the exertions^ m^ide to develop |lie fMovary of 
by-products ^ coke*taakiq^ ip Great Britain, where tlys system 
had made comjSSrativnJy slow progress until the tiast few 
yeagi 

• Whilst tn^oeman^ «..coal-tar products Uj^tHe Manufacture 

of*aiiiline-dves and other coUhirfae-matt'eri has been nteadilv 
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increasing, this has not been the qase with another very promis¬ 
ing outlet for benzol, tiz., for carburetting lighting-gas. A 
check has been given to the latter by the development of the 
incandescent gasjlight, and recently also by'that of acetylene- 
light and of electric lighting. 

* The depreciation! of gas-tar, caused by the comjJetition 
of cpke-tar, was also owing to the fact that the percentage of 
benzol in the former has' been gradually decreasing with the 
increasing introduction of producer-firing at the gas-^vorks. It 
is also a fact that the coal consumed by the latter does not at 
present yield so mych benzol as in former years—probably 
because the best quality of coal is now used up by the coke- 
works, as giving a higher yield of coke. 

At the present time, the quantity of taf coming into the 
market from gas-works and coke-works seems to cover the 
demand, which tells upon the price. 

A further decline is not unlikely to take place later on,,, 
for it is a well-known fact that if the supply of a certain 
commodity continuously' even if but slightly, exceeds the 
demand, its price is lowered far out of proportion to the amount 
of surplus, and the opposite takes place if the demand exceeds 
the supply. But whilst in most other cases the effect of this 
is, up to a certain extend, counteracted by the storage of 
large quantities, both of the raw materials and of the products 
of manufacture, and by fluctuations in'the production of both, 
it is very different in our case. Gas-tar, on the one hand, 
must be prqduced quite irrespective of the demand, since it 
cannot be avoided in gas-making, and, on the other hand, ifs 
storage fori any length of time is a practical impossibility. 
Hence a comparaiively sliglrt “ excess of T:he supply, which 
cannot be checked in Jth^ way usual with most oAher caw 
materials, generally soon ‘caus^i an intolerable glut ih the 
market, and must rapidly foi'ce down the'price.,,' • 

This case, however, seems to *l5e excluded here. The 
recovery of ISy^product^ in pke-m^king requires a very costly , 
plant, and extends only &s far ascth^e,;priceS'.of tar",and ammonia 
keep up at a, certain,figure. Pn the <'#L-her fiShd, the gas-works 
,ite at all tiraes' in'k position to get rid of any‘eioEess of ieff by ' 
burning itund^r.^he retorts. Its value Ijpu this purpose greatly 
exfceeds that 6f ooke; ih Gelm'any ft is estimated that it pSy# 
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burning the tar under the fetosts when its price has fallen 
■ below I7» per ton, but in England thfe limit must be placed 
very much below that figure. Another way of de'aling with the 
tar, viz., convertirfg it into gas, has been frequently attempted, 
but success irilthat direction is rfct yet secured. 

THfe fear entertained some years agp, that the enormou* 
development of electric lighting might greatly reduce the 
manufacture of gas, and consequently the supply of tar,* has 
not been jealized. Quite as much gas is produced as in former 
times, more especially since it is now so much used for heating 
and for gas-engines; nor has the introduction of water-gas 
(which is not incompatible with the production of tar) had as 
yet any influence in that direction. If the demand for tar 
(and ammonia) should ever increase beyond the capacity of 
the present producers, .there is still a vast field for the 
production of more tar; for even in Germany there are still 
. a great many coke-ovens working without recovery ofr by-’ 
products, and in most other countries they are in a small 
minority against the old system, w^ere no‘by-products are 
recovered. 

If we further look at the various processes for extracting 
benzene, etc., from ordinary coal-gas, for converting petroleum- 
residues and other hitherto almost valueless substances into 
aromatic compounds by the effect of high temperature, and 
other similar efforts t^ be mentioned later on, we shall see 
that there is not the slightest fear of any scarcity of those 
indispensable raw materials which are the subject of this 
tfeatise. * 

When surveying the manifold sources, iMt at all- or at least 
very irnperfectly, utilized up ^1 now, f^m which tar and 
anwnorria can be obtained by meanS. dffcidedly within our grasp, 
it wohld se|m^ useless to sp^ulate, as has been occasionally 
done, as to whati would, be^ the statfe of'affairs if, ty processes 
to be invented hereafter, all*the enormous‘quantities of coal 
consumed in our households^ fot rajping steam, and for innumer-. 
able other putposM.fw^er% I Secover3ror by-products is not at 
present thought oJJ shoiiU be m^de to yield up Jheir’tar and 
ammonia qs wolf. "It is easy to get.ouU starting figure*, saV 
5 ,(^,c^ tons, of aeai-tar and 1,000,000 tons. 5 f Immonium 
sulphate for G^eat Britairf alonS. But such fetniresdarp ^Udgetker 
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illusory. They cannot frigJjten ^those who are interested in 
keeping up the price of'those materials at a remunerative rate, 
nor can they 6fier a solid prospect of benefiting the consumers 
of those materials—that is, ultimately, the general public; for if 
ever practicable means should fae invented for b<.rning coal in 
Jthe above-mentioned j:ases in such a way that the by-pfoducts 
could be collected (perhaps by means of gas-prqducers), the 
interest upon the frightful cost of plant and the inevitable 
working expenses of collecting the tar and ammqpia would 
probably far more than outstrip any profit that might accrue 
from their sale, taking into consideration the extremely low 
price which tar and ammonia would command after the opening 
out of the more accessible sources of supply from coke-ovens, 
etc., long before the more remote sources just spoken of could 
come into play. , 

In the course of time the following state of affairs has estab¬ 
lished itself In England, where by far the largest quantity of, 
gas-tar is produced, where benzene was discovered by Faraday, 
its industrial preparation' by Mansfield, the first aniline colour 
by Perkin, and where the conditions are the most favourable for 
the purchase of the necessary chemicals as well as for the sale 
of the colouring-matters, the manufacture of artificial dyes has 
only risen to moderate dinjensions. The same has been the 
case in France. On the other hand, in Germany and Switzer¬ 
land the manufacture‘of coal-tar colours has been established 
on an enormous scale, so that the tar produced there formerly 
could only sppply a small portion of the benzol and .anthracene 
required, mos^ of it being imported from England and Frande, 
partly in the form of aniline. But the employment of the other 
coal-tar products,* ^specially d^8 oil and pifth, in Germany has 
by no means increasecf pfri passu with that of baneol and 
anthracene; the former, vAy cI^Mp, articles frequently Ifeve to 
seek markets at suchMistsmces that tlte expense* of carriage 
becomes excessive.. Moreover, gas-miking in Germany is only 
partially cbntqptrated at a few .large centres of industry; very 
many small gas-workS aYe scattered ^11 ovtr the country, some¬ 
times ilbt'ev^n situa^d near ^ railwaj*Hne,^d hardly ever on 
the l^nk of a f’anrft ot nayigable river; so that the qolleotjpg of 
tar for a larger.tar-distillery does nof^ray,. Pfence, upto a short 
time cf^o, in Q'brraany and <Stvit 3 ^rlaitd,. where the manufacture 
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of coal-tar dyes has reached^its greatest development, it has 
happened^ that the tar produced at ttae gas-works has to be’ 
burned under the retorts, a state of things which Sometimes has 
partially, but from'other causes mentioned before, arisen in Great 
Britain a? will. In this countty tar is largely used for the 
irapro'^ement of high roads and the laying of dust thereon, 
which since the enormous development of the motor-car 
industry has become a vital questiod in that country (as well 
as in the .United States), as is evidenced by the innumerable 
articles on this subject in the technical literature and in the 
patent records. In Great Britain during recent years, moreover, 
the manufacture of “patent fuel” from anthracite coke-dust 
has been carried out, principally for the requirements of the 
navy, whilst far greater quantities of tar-pitch are sent abroad 
for the same purpose, pancipally to Italy. In Germany this 
subject has also recently received much attention, mostly 
. on the part of the sanitary and the road-making fwblic 
bodies. 

In Germany the development of the tar-distilling industry 
is Intimately connected with the name of Julius Rutgers, who 
in i860 built the first factory of this kind, at Erkner, near Berlin, 
after having, since 1856, worked the impregnation of timber 
near Breslau, for which he had at.that time to get the heavy 
tar-oils from England. In i86i followed hi? ,tar-works at 
Niederau, near Dresden, and then marty others in Germany, 
Austria-Hungary, Denmark, and Russia. During the first fifty 
years about 90 millions of railway sleepers were’impregnated 
ih his factories;, every sleeper requiring, according to the 
official specifications, 80 lbs. of tar-oils. Besides him, his co- 
operator Dr Kriemer mustf ^e called ^ founder of the 
scientifia and technical developmejit*of the German coal-tar 
industry. 


Quantity of'Coal-tar produced. 

For the .•earlief, ^tatjsHrjs on file • quant’ity of, coal-tar 
produced we mhst rrf#r to fhe prevjous editions of this 
treafiee, and»»« give here only a. few fiotdj'dn thij sub-' 
ject, but thq, ibcanj statistics will be ''g^vtn ”lat gfcater 
extent. 



INTEODUCTdRY 


t 

In 1883 it was estimsrtedithat.the coal-tar then -produced at 
'gas-works amounted to— 

450,000 tons in Great Britain 
85,000 „ Germany 

75,000 „ * France 

5P,ooo „ Belgium 

15,000 „ Holland 

675,000* tons. 


For 1885, Mr Wilson, of the Beckton tar-works, puts the 
quantity of coal-tar jlistilled in the United Kingdom at 643,000 
tons. 

In 1886 the quantity of coal-tar distilled in Holland was 
20,000 or 22,000, in Belgium 30,000 tons. 

In the United States, in 1886, acctrding to A. von Schauer, 
120,000 tons of tar were produced, of which 60,000 were distilled 
(this seems to be an excess of the reality), 37,000 tons were used* 
in the manufacture of roofing-paper, and 23,000 tons used in 
the raw state. 

From that time onward the tar produced in other industries 
than that of gas comes more and more to the front, principally 
that obtained in by-product coke-ovens and blast-furnaces, 
about which details will be given in the next chapter. 

Dr Bueb, chemist-in-chief of the Dessau Continental Gas 
Company, supplies the following estimate of the quantity of coal 
used for the manufacture of gas in Europe during €898, to 
which we ad^ the corresponding yield of tar, at tke estimate 
of about 5 per cent,:— . > ' ' 



Goal distilled, 

Tar produced 

* / 

tons. 

tons. 

Great Brkqjn 

•r. b, 333 ,000 

• 666,650 

Germany . t. 

• 3 . 333,000 

166,650, 

France.. . *. 

• . J, 700,000 

135,000 

Auttria-Hungar*' . 

• 830,000 

' M^Soo 

Scandinavia . 

43 J,P<» 

* 21,650 

.Belgium ‘ . . 

. * 400,000 

20,000 

Italf., . ... 

r } 33 .o<to 

16,650 

, Russia . * 

• , 33J,ooo 

• c6,650 

, Holland 

jbo^qpo 

- 15,000 

Denhiark « , 

. * 270,000 

. 13.500 

.* .* 

13^000 

.. ' 6,750 . 
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The diagram Fig. i w interesting as showing the 
development of the production of coal from the year 1-840 to 



1097, Which to a considergble extent mus^ keep gace vfith the 
prodjjstion of gt^-tar from various soyrces. 

We ooiv giye**the jta*!stics for later yeifs^ 'BeTlby, In a 
most ifiteresting and spggest^e tddiess '(/• C/terM Ini,^ 
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1899, p. 647), gives the fallowing statistics concci.u.ig 
distillation of coal in the United Kingdom at that pafiod 


• 

Coal 

• distilled. 

Coke 

produced.. 

• 

Tar 

produced. 

hi ' 
0.0 0 

’5^0. 

w 

1 Qaitfiiodacsd. 

• 

• 

Mtllton 

tons. 


Tone. 

Tons. 

Million cub. feet. 





I'B.r.U. 

At Gas-vorks . 

'13 

7.8 

650,000 

130,000 

130,000*650-^ per 
^CUD. ft. 

„ Blast-furnaces 
„ Recovery coke- 

2 

... 

150,000 

62,000 

18,000 

360,0001,130 .. 

12,500,, 600 „ 

ovens 

•1} 

0-9 

11,000 

„ Shale-oil works . 




37.000 




... 

862,000 

196,000 


If the beehive ovens 






were entirely re- 






placed by recovery- 
dlens, there would 
be a further produc- 






tion of. 

... 

.9 

620,000 

110,000 

125,000 


The 862,000 tons of tar prijduced were distilled and 
separated into 474,000 tons pitch and 345,000 tons oils. The 
increase of these quantities, if not merely all coke were made in 
recovery-oveq^, but also tbe^30 million tons of coal, now burned 
in the raw state were to be distilled, coijld not be disposed of in 
the present way. Beilby discusses the possibilities in that 
direction, and thinks that the manufacture of briquette? (patent 
fuel) from thg coke would greatly extend and wohld yield a 
smokeless fuel. * The sulphate of anlmonia* would ’ more and 
more take the plac|of Chilian nitrate of sodf. The tar-oils not 
consumed by othb?industrie?Tvould serve as smokeless fuel. 

Schniewindt [Min. 15^ gives the followingIstirfate 

of the produf tioh of co|l-tar in 1901, based on thjt »f ammonium 


sulphate and gas:— 

• • Tons. 

UnitSi l^gdom (o 8 ,ooo 

‘Germany •» • , * » ■ • • 590,200 

Unijed States (including Water-^s^tgr) 272,400 

Frvce . . . . ^# 190,680 

Belgium, tisllaq^,Sweden, Nbr»ay, DenmarK . 272,400 

Austria, Rusjia, Spain, and other European counfrjdh : 99 , 79 « 
"All otffer dbmlfies . *’ 247,000 



QUANTITY OF COAL-TAE PRODUCED 


St 


Russig, in several papers coptributed to the Chemische 
estimates the total‘quantity of coal-tar produced as 
follows (in tons) 

• T_ T- T»* IQftO 


• 

In 1900 . 

In IHl. 

IO. 1902 . 

United KingBoni) Gas-tar 

I 692,000 

7,2,000 

755,000 

„ Blast-furnace tar. 150,000 

128,000 

156,900 

„ Coke-oven tar 

. 85,000* 

95,000 

122,000 

„ Total . 

. 927^000 

965,000 

i> 033 . 9 *> 



MBBB 

"" 

Germany, Gas-tar . 

. 1 So,000 

180,000 


„ Coke-oven tar 

. 300,000 

270,000 

... 

„ Total 

. 480,000 • 

450,000 


United States, Gas-tar . 

• 60,900 

(?) 

(?) 

„ Coke-oven tar . 

. 47,500 

50,500 

60,100 

„ Water-gas tar . 

. 202,100 

(?) 

(?) 

„ Total 

. 310^ 



France, Gas-tar 

. 144,000 


fl 

„ Coke-oven tar . 

• 35 .?oo 


... 

„ Total . 

. 179,000 

180,000 

... 

• 

Other European states . 

. 355,000 

375,000 

... 

AU the world over . 

. 2,270,500 



For the Vnited Kingdom the market reports* of Bradbury 

and Hirsch, at LiverpooJ state the production of gas-tar; — 

1901 . * . . 758,000 tons 

1905 . 

♦ . 

778,000 tons 

1902 . • . 758,000 „ 

1906 . 

• *• • 

798,000 „ 

I9<f3 . .• . 764,000 

1907 . 

, •' , 

828,000 „ 

1904 . . . 758,000 „ 

1908 . 

• 

£28,000 „ 


'According to other estimates, the“f)rpduction*of gas-tar in the 
United, Sfngdom must have b^n ab^ut 680,000 tons in igo8. 

The prodmtion'of ojther deftripjions tar in the United 
Kingdom in 190^ is stated in an official report in the /. Gas 


Lightings 1909, p. 82, as fpllows:— 

, • Frora^JokfrOTflift. From Iron-TOrko. 

Tar . ,• . tons 75,000 tons*. 

Purified tar for paint. * .• j8s,qpcFgaiions 

Bitch. .••*. . 5,000 tons ' 8^,p«otons 

Heavy tar-pik *•* 3)6fi4,000 gallon: !,64^(ico galTons 

Benzol and tgluol . n 
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The figures for later years ase 


Gas-tai 

Coke-oven tar . 
Blast-fumace’tar 


1909. 

. 750,000 tons 
. 150,000 „ 

, too,000 „ 


IBIO.* 

830,000 tons 
350,000 „ 
4o,oe° 1 ' 


Total ., . . 1,100,000 


1,380,000 


^United States .—Russig (Chan. Zeit., iii., 180) estimates 
the prodilttioh of coke-oven tar alone in the Unite^ States at 
75,000 tons for 1903, at 125,000 tons for 1904. Dr Kohler 
(private information) estimates the production of coke-oven tar 
in the United Stat*es, from 2286 United-Otto ovens and 1320 
Semet-Solvay ovens, at 300,000 tons, to which must be added 
300,000 tons of tar from gas-works which, however, to a 
great extent do not furnish ordinary foal-tar, but water-gas tar. 
Another 1500 ovens were to be built by the U.S. Steel Corpora- 
tioa Only about 20 or 30 per cent of the tar produced in th^ 
United States finds its way into the distilleries. 

According to Censui Bulletin No. 92, p. 43, the production 
of tar in the United States was (in short tons of 2000 lbs.):— 


In 1900. 

In 1906. 

69,094 . 

77,643 tons ordinary gas-tar. 

222,868 . 

• 259,934 „ water-gas tar. 

52,344 • 

. !3lfii7 „ coke-oven lar. 


61,100 „ pitchj 


• 577,750 gallons purified tar-oils. 


. 288,817 11 creosote oil. 

.• . 

■ 27,175 „ other tar-oils. 

110,02? ». , . 

. 127,758 tons gas- and coke-tar di,ftilled. 


Thj: total production of coal-tar in 1907 was 466,000 tons. 

1908 » 455,700 

1909 „ 401,120 


According-to I, J. O’fisiWJfProgr. Age^ 1911, p, 966) the , 
total production of ^al-tar in the Ui^ted Stlte*s.at that time 
(1910?) amounted to,ioo,ooo,oeo ^llons. About 56,000,000 
gallons ^r 9 ,distilled j the reiqainder was' used for roofing-felt, 
for targng the streets, dihdWentfy.als o far replacing petroleum, 
in thesiron |nd stee] industry^; to sqpae extent also as fuel for 
•raistpg steam.* The^projJuction of pitch was at(ftMt 20o,08j tons, 
mostly ilSed^|,Soft pitch or “prepaVd^tiir.’** ip the.course of 
1DI2,»700 mites af rt)ad.were ttt be ^ajred in the state'of New 






flU^JSTipf jOF COAtl%S PKODUCKD Sj 

;;rYork/fequiririg 11,000 to f4,oeo gallons “prepared tar” jjer 
mileu Of cteosote o «7 the United States’at presept produces 
' only 14,000,000 gallons, whereas in 1909 another 37,600,000. 
;f:gallons were ii^pofted, chiefly from England .and Gerifiany. 
i-^merican tir yields on the average 20 to 25 per cent, creosote 
oil and only i per cent, light oils. At pi«sent America can 
only in the crude materials (pitch, creosote, and light oil) 
compete in its own markets with Germany, but not purified 
products, and least of all in the aniline colour industry. The 
only possibility of development is perhaps in the recovery of 
benzol as by-product from coking. 

From the “Mineral Resources of the United States” for 
the year 1912 we take the following figures for the production 
'of the United States, for the years 1908 and 1912;— 


i 

: 90 B. 

im . 


Quantity. 

Vilue, 

11000 . 

Quantity. 

Value, 

11000 . 

Gas (millions of cubic feet) . 

Coke (thousands of short tons). 

Tar (thousands of gallons) . 

Sulphate of ammonia (thousands of pounds) 

•« 

S 3 , 56a 
6 ,a 53 
101,263 
44,093 

• 

37,228 

21,507 

3.537 

1,333 

89,693 

12,491 

134,796 

99,071 

— •- 

36,682 

48.380 

3,802 

3,741 


•Hence the production,of coal-tar had increased within the 
five years *om 1908 to 1912 by 33 per cent in quantity and 
by nearly 50 per cent in value. The average valu^ sf a gallon 
of t’ar in 19(58 was 2-5 cents; in 1912, 2-8 cents.* Coal-tar is in 
the United States principally used for roa<|.making and for 
pickling railroad sleepers. The‘tairing of rqads has proved to 
be vejy nftisessary, in consequence of ^e*great development of 
i|he mot< 5 r-car igdystry; and the^icklingof timber,ift consequence 
^bf'the increase of* the ^ije of timtfer. Tar and tar-oils a(Ve 
•dSb employed/or the manufacthre of roofing-felt and £pr that 
^^“pateht fiiel.” 

vt the tar, pJoducwUn 1932,167,000 tons came from gas- 
and 397 ,ocx 5 tons frofi* coke-ovens. 

In thtf<(IVst 210 by-product ooke*ovens,were started' 
and preduced tf2jx)0 tons tar. For«4^,'*Rus^g 
the Frttnch prodOctioii’of*gas*-tar=ton#; of 




'M. ^INTBODUCTORY; 

. fbke^ven tar=35,ooo;aIt6getker, 179,000 tons. For 1901, the 

total = 180,opo tons, ‘in 1909, from gas-works, 144,800 tons, 
,'from coke-ovens, 70,000; altogether, 214,800 tons.. 

In Belgium the total prot^uction of tar ffoniiall sources was 
estimated for 1911 = 124,000 tons. 

In Austria in 1911 there was produced, gas-tar, 72,000 tons; 
coke-oven tar, 82,000 to;is. 

In Itcsly in 1910 the production was 37,000 tons gas-tar, 4207 
tons light tar-oil, 5273 tons heavy tar-oil. 

For Germany, Haarmann {Glilckauf., 1906, p. 421) gives in 
detail the figures for the production of coke-oven tar (see the 
details on coke-oven tar production in Chapter 11 .) from 1897 
to 1904, in which year it reached 175,863 tons in the Ruhr 
district, and 276,805 tons for all Germany—against only 18,00c 
tonsin 1887. To this must be added*the gas-works tar, estimated 

by Bunte at 225,000 tons for 1904, thus yielding a grand total 
of' 500,000 tons. For 1906 Kohler estimates the quantity ,6: 
coal-tar worked up in, 4 jermany at 600,000 tons, for 1907 a1 
675,000 tons from all sources. For 1908 Dr Spilker (private 
communication) estimates the quantity of tar used in German) 
at 900,CXX) tons, of which 700,000 tons are got westwards 0 
the Elbe. 

Special statistics on tHe production of tar frqm coke-ovens 
■Will be given in Chapter II. 

'■ The following statistics were collected by Dr H. Kohler for 
the last German edition of this treatise, and are to a great 
extent dus tf) Dr Honigsberger, of the Deutsche Tfierprodukten- 
Vereinigung at Essen (Ruhr), and' to tHfe Verem Deutscher 
Gas- und* Wassei/achmanner. ^ ^ 

The GermaV production*of gas-tar was, in the year 1907, 

- -318,000 tons; in 19«S, 'J50,000 tons; coke-oven fh? in*1907, 

; 534,218 tpns‘; in 1308, 589,5*0 tons- in •igpg* 640,60) tons.*- 
' Tne German production of all kiiv^ bf tar ^except oil-gas and’ 
water-gas tar) ih 19O7, 852,2i8*tons;_ in.1908, 939,500 tons; in 
1909, about‘t,ooo,op® Jonj. 

TRe quantity of oil-gas tar i?.estiii»ted f«r 1908 at 9bd6- 
^ tons, that ef^watfr'gas tar about tons. 

V .Thj.fol^awiflg figures on. the ipdustries^f^as-tar,«eke-t|ir,'‘: 
) Wt|r-gas tar,'and, oil-gas^tar in tHeyiars 1^08 aiW igog are- 
' found in an cdfficidl Report Ae Germah Home 



tslgaSiAw vSXATJSTics on ee^AL-TAr 3c 

I here were at lhat time in Germany 75 works of thafdass 
(including Ae roofing-felt factories),employing 2997 persons; in 
1909, 91 works. The quantities of raw tria^^'-iaU worked by 
them were (jn %3ns):— 


Tar distilled— 

leos. 

im 

(a) Coke-oven l»r . . . 

593.522 ‘ 

675,5'8 

(#) Gas-tar . . ' . 

207 j 235 

223,856 

(f) Water-gas tar 

3,095 

1,386 

{d) (^1-gas tar . 

8,125 

8,167 


8n^ 

908,927 

Half-products of Tar Distillation 

worked up — 



(a) Crude benzol .... 

16,570 

14,307 

(i) Light tar-oils . . . 

1,947 

■5,082 

(f) Heavy tar-oils (creosote and 
anthracene oils) . 

18,814 

19,827 

{d) Crude naphthalene and crude 
anthracene . . . . 

6,768 

8,454 

(e) Crude phenols 

^93 

3,735 

(/) Crude pyridine 

7 

125 

(g) Coal-tar pitch • • 

325 



The annual production of the German tar-distilleries (exclusive 
of the benzols and ammonia turnfd out at the coke-works 


' themselves) was (in tons):— 

* • 

A. Tar-pitch, including s«ft pitch . 

B. “ Piepared tar,” Distilled tar . ‘ 

C. Heavy t;ar-oils (including carbolic oil, 

creosote, naghthalene oil) . 

D. Naphthalene, crude . . ... 

Naphthalene, pui;p . . , . 

p. (Vnthracene, crude and pure, ** 1 ? 

* ■ , * TMculated as pure anthracene 
T. F^ridine Jases ^ • 

G. Phenols, cresijls, etc.-^ 

, (o) Crystallized carboRif acid 
W Crttols (so-calle 4 90,95, or 100 
per cent, cybolic acid) * « 

(r) CrudaphenoJc for s 4 « «, 

H. fienzol, crude, purified, tad pure . . 
1; ^lool, cruds^purified, and pure . 
K. Xy^ (Solvejt tfcpl^a, Ij^vy benzol, 

• «rade andjiurified)* .• 

•ldiF,.^tlrer mndurla of tar-diatilleri^ 


. 1906. 

IMS. 

402,676 

15,2?t 

83,706 

11,520 

248,103. 

*7,854 

>9,«'3 

16,084 

13,730, 

13,497 

1,026 

3i548 

00 

336 

• 

,oqp 

2,2M 

1,081 

2,665 

581 

604, 

b229 

:9,i2»' 

i,6<fl 

2,791: 

k7l7. 


i.i6(> 

'9,<W 



*|fJTBODiJClpBy 

1908 . . 1909 . 

’ M. Concentrated ammoniacal iiqoor . iig tons= 24 tqps NHj l> 

N. SulphaU of ammonia (24-7 percent. 

NH3).1174 „ =285 • „ 1,827 

O . Liquor amilionioe, pure ■ , . ■ 93 S n • 

P. Sal ammoniac. . . . , 59 „ = i 5 * „ 27 

• * 

(The items M, N, 0 , P evidently refer only to the ammonium compounds 

coiftained in crude tar, and r^ecovered in working this up.) 

Since the German coke-works in 1908 produced 632,378 tons 
x>( tar, the above figures show that most of the coke-oven tat 
had been worked im at German tar-distilleries. 

In the course of time the commercial situation of the coal- 
tar industry has been changed to a great extent. Whereas 
formerly its principal source of profit was the sale of benzene, 

. naphthalene, anthracene, and other iraterials for the manufacture 
of coal-tar colours, nowadays the development of the recovery 
of iJenzol in coke-making has nearly driven the tar-works out qjl 
the market for this article, and the prices of naphthalene and 
anthracene have consi(ferably gone down, so that the former 
by-products of tar-distilling, viz., heavy oils and pitch, now form 
the principal item in its profit calculations. This will be easily 
understood from the following figures. In Germany there was. 
produced:— 

* la 1900 . In 1909. 

Coke-oven tar . . 300,000 ton» 640,680 tons 

Gas-tar . . . i8c^ooo „ « 350,000 „ 

• 480,000 „ 990,000 * 

In the same ^country the quantity erf benz6l product 
has been!— 

Fron^ka-OTen Fiompofe-oven „ 

0 gwt. tar. Fmmgfti.tar. 

101896 . . \oootons ? 

1, ‘ 9 P 4 ■ ■ ■ 34 , 0 '»»* 4,000 tqjis^ ,2,000 tons 

„ 1908 . . . 8d)ooo „ ic^tioo 

'The'Geirman production of benzoLhas been 

^ 890 . 1899 : • * 1901 . ■ 1988 . I909. 

•t»o°o 7,000 28,o(fc 4^080 90,000 tpns 



